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ABSTRACT 
The Arch Mountain area of northwestern Mohave County, Arizona, is 
typified by rocks that range from Precambrian to Quaternary 1n age. 
Arch mountain is a north-trending horst bounded on the west by the 
Petroglyph Wash graben and on the east by the V1rg1n Basin. A low-
angle normal fault, herein named the Arch Mountain detachment fault, 
is exposed for 6 km along strike just below the ridge crest of Arch 
Mountain, and 1t Is typified by a 2-20 em thick zone of hematite-
Impregnated breccia and cataclasite. The detachment fault places an 
upper plate of Precambrian gneiss, Paleozoic quartzite, shale and 
dolomite, and Tertiary intrusive rock on a lower plate composed of 
quartz monzonite that is geochemically similar to quartz monzonite 
of the Wilson Ridge pluton. The western margin of the horst is cut by 
en echelon, west-dipping, high-angle normal faults that step the 
detachment fault to the west and rotate it to the east. The Ransome 
fault forms the western boundary of the horst and separates Arch 
Mountain from Precambrian gneiss and Tertiary volcanics. The 
eastern margin of the horst is cut by en echelon, east-dipping, high-
angle normal faults that step the detachment fault to the east and 
rotate 1t to the west. The Boulder wash fault forms the eastern 
bOundary of the hOrst and separates Arch Mountain from Tertiary 
Muddy Creek sediments in the Virgin Basin-Detrital Wash area. 
ii j 
The Ransome and Boulder Wash faults may be genetically related 
to and may have formed synchronously with the left-lateral Lake Mead 
fault system at approximately 12 Ma. Crosscutting relationships 
indicate that the Arch Mountain detachment fault is older than the 
Lake Mead fault system. The Arch Mountain detachment fault is 
possibly related to the development of the Las Vegas Valley shear 
zone, and 1t is interpreted to be correlat1Ve w1th the Saddle Island 
detachment fault. 
I propose that the Arch mountain detachment fault represents the 
brittlely deformed, upper crustal part of a regional detachment fault 
system that has a breakaway zone adjacent to the Grand Wash Cliffs. 
I interpret the detachment fault and lower plate mylonites at Saddle 
Island to be the plastically deformed, deep level part of the regional 
detachment fault system that became exposed by progressive 
structural denudation, isostatic uplift and erosion. The fault history 
of the regional detachment system is compltcated and poorly 
constrained but I suggest the following scenario: ( 1) regional uplift 
and arch formation south of Lake Mead during the late-Cretaceous to 
early Tertiary; (2) early to mid Tertiary detachment faulting, 
development of the Las Vegas Valley shear zone and westward 
transport of the Paleozoic and Mesozoic rocks represented at 
Petroglyph Wash, Boulder Canyon, the Frenchman Mountain and Sheep 
Mountain structural blocks and at the Spring Mountains; (3) continued 
detachment faulting and westward transport of the River Mountains 
volcanics, and the development of the Lake Mead fault system wtth 
related high-angle normal faults. 
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INTRODUCTION 
Location 
The Arch Mountam area 1s located 1n the northern Black Mountoms, 
south of Boulder Canyon and east of W1lson R1dge, 1n Mohave County, 
northwestern Amona (Figure I). The 60-square-km study nrea IS 1n 
the Lake Mead Nat10na1 Recreatwnal Area and IS bounded on the north 
and east by Lake Mead and on the south and west by Petroglyph Wash. 
Motor vehicle access IS restricted to the Petroglyph Wash Road, whiCh 
passes through the south and west parts of the study area. Tr<Jve I to 
the northern and e<Jstern pJrts of the <Jrea 1s possible only b'y' foot or 
by boat. 
Previous Work 
Ransome ( 1923) mapped, in reconnaissance, the geology adjacent 
to the Colorado River in Boulder Canyon to evaluate the suitability of 
the canyon for the proposed Boulder Canyon dam and reservoir. During 
his study, he assigned the Precambrian biotite schist, Paleozoic 
limestone and shale, Tertiary(?) intrusive quartz diorite and quartz 
monzonite, and volcanic rocks of the Boulder Canyon area to the 
Boulder Wash group, and he noted the presence of north-striking 
normal faults, fault breccia, joints, and dikes. 
loi(VADA 
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Figure 1. Location mao or the Arch Mountain area (striped), 
northern Black Mountains, Mohave County, northwestern Arizona. 
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Longwell C 1936), mapped the geology of the Boulder reservoir floor 
to document important geolog1cal relationsr1ios that would be cover·ed 
by Lake t1ead. Part of his map includes Boulder Canyon and tr1e 
adjacent Black r-1ounta1ns. Longwell mapped the granitic rocks soutrl 
of Boulder Canyon as Precambrian biotite granite, quartz monzonite, 
granodiorite, and hornblende syenodiorite. He also described tr1e 
structure or the Black Mountains horst, tllted blocks of Paleozoic 
sediments south of Boulder Canyon, and a several hundred foot trlick 
waterlain breccia composed of andesite porphyry clasts, near Wishing 
Well Cove. 
Wilson and Moore C I 959) compiled a geologic map of Mohave County 
at the scale of 1: 375,000. They mapped the Arch l<lountain horst as 
Precambrian granite and were the lirst to recognize isolated blocks 
of Paleozoic sediments near Gilbert Canyon, within the Petroglyph 
Wash graben. 
Longwell ( 1963), interpreted the Black Mountains horst block as a 
12 km-wide belt of north-trending horsts and grabens bounded on the 
east by the Boulder Wash Fault and on the west by the Indian Canyon 
fault. He described the Arch Mountain block of the Black Mountains as 
a horst bounded on the east and west by the north-trending Boulder 
Wash and Ransome faults, respectively. Longwell suggested that the 
occurrence or blocks or Paleozoic sediments in the hanging wall or 
the Ransome fault, south of the Colorado River, requires that the 
throw on that fault to be at least I ooo km. He also recognized the 
J 
Petroglyph wash graben as a large structural block between the 
Ransome and Emery faults. 
Anderson ( 1971 l was the first to recognize the importance of low-
angle Faults in the extended Tertiary rocks of southeastern Nevada. 
He also provided K-Ar dates for selected Tertiary rocks in the Lake 
Mead area (Anderson et al., 1972). Anderson ( 1973) recognized the 
Lake Mead fault system north or Lake Mead. He provided models 
showing the relationship between strike-slip and high-angle normal 
raul ts and he suggested that the Black t-'iountains south of Lake J·lead 
should provide Important clues to the synchronous development of 
strike-slip and high-angle normal Faults in the Lake f"lead region. 
Feuerbach ( 1986) mapped the area adjacent to and west of Arch 
Mountain from James Wash east to Wilson Ridge. He recognized 
several phases of the Wilson Ridge Pluton and mapped in deta1l a 
large, fault-bounded, Paleozoic carbonate block. in Petroglyph Wasil 
that was previously recognized by Wilson and Moore ( 1959). 
Naumann ( 1987) mapped the Boulder Canyon area north of Lake 
Mead and Arch Mountain and described an unusual breccia, first noted 
by Longwell ( 1936), and he named It the Boulder Canyon Breccia. The 
breccia Is apparently 400 m trlick and crops out over a 3-k.m-square 
area north oi Lake f"lead, west of the Boulder Wash fault and east of 
the Ransome fault. The massive breccia is composed of angular 
fraaments and rounded clasts of Precambrian rapakivi ar<Jnite. aneiss 
- . -
and schist, Cambrian Bonanza Kina dolomite. and Tertiarv a.uartz 
~ . ' 
monzonite. These clasts are supported by a highly indurated and 
ferrlcally altered matrix of crushed rock. The breccia locally 
intrudes the country rock including overlying Paleozoic carbonates. 
Naumann proposed that the breccia had a hydromagmatic origin and 
that it formed by the second boll ing and decompresslonof a hydrous 
magma or by the interaction of magma with ground water. 
Purpose 
The purposes or this study are : 
1. To produce a detailed geologic map of the Arch i1ountain area. 
The geology of the Arch Mountain area has not been previously mapped 
at a scale greater t11an 1:375,000. The map produced in trlis study is 
at a scale of 1 24,000 and provides greater detail t!Mn tr1e :ornall 
scale map of Wi I son and i1oore ( 1959) 
2. To Describe the structural geometry of the area. A1 c11 i1ountain 
lies in a structurally complex region cut by Tertia1·y strike-slip, 
high-angle and low-angle normal, and detachment Faults. 
3. To Dete1·mine t11e regional significance of Arch r·1ountain. Arch 
~1ountaln lies in a structurally complex region near t~1e western edge 
of the Colorado Plateau and on the eastern edge of the Basin and Range 
province. The two major strike-slip fault systems of the area 
project to the north or Arch t1ountain, and exposures of a major 
detachment fault system 1 ie to the west. The presence of a 
detachment fault on Arch Mountain that is cut by high-angle norrnal 
'i 
faults provides an opportunity to evaluate the significance of Arctl 
i'lountain with respect to the major structural features of the Lake 
Mead region. 
4. To Constrain the models for the evolution of the Lake !"lead area 
proposed by previous workers, and to present a new model that 
incorporates the geologic information from the Arch r1ountain areo. 
Methods Of Study 
The southern half of the Boulder Canyon 7.5-rninute (IUadranglt and 
the northern ha If of the Petroglyph Wash 7.5-m inute quadr ar1~ it- r11aos 
were mapped at a scale of 1.24,000 (Plate 1 l. Petrograor1ic tl1ir'l 
sections of selected r'ock specimens were studied (Appendix A) ar1d 
mineral percentages were visually determined by using ti·lt- visual 
percentage estimation method (Scholie, 1978). Selected spt-cimens 
were analyzed ror major-element geochemistry (Appt-ndix 6). 
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REGIONAL GEOLOGIC SETTING 
Introduction and Generalized Geology 
Arch Mountain is located in the southwestern Basin and Range 
physiographic province approximately 50 km west of tru; Colorado 
Plateau province. Arch f"tountain is situated in an area that iacks the 
thick sequences or Paleozoic, r·1esozoic, and Cenozoic sedimentary 
rocks which are abundant to the north of Lake r·tead (Figure 2). ihis 
area of the Black t1ountains Is composed mainly of mid-Miocene(?) 
quartz monzonite of the Wilson Ridge Pluton, dacite, diorite, and mid-
Miocene to Pliocene basalt (Anderson et al., 1972; Mills, 1985; 
Feuerbach, 1986). Precambrian gneiss crops out in the southern part 
of Wilson Ridge, on the flanks of Wilson Ridge, and on Arch Mountain. 
Paleozoic and Mesozoic rocks are rare; however, Paleozoic sandstone, 
shale, and carbonate rocks crop out in the Petroglyph Wasr1 graben 
near Gilbert Canyon (Wilson and Moore, 1959; Feuerbach, 1986) and at 
the Cohenour Mine (this studyl, near Boulder Canyon \Longwell, 1936: 
Naumann, 1987al, in the River Mountains mmm .. 1985), and at Saddle 
Island <Sewall, 1988). Also, small xenoliths of Paleozoic limestone 
occur in the Kingman Wash Road basalt or the Hoover Dam area <Mills. 
1985). 
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F1gure 2. GeneraliZed mdex map showmg reg10nal geology of the Lake 
Mead area. Hatchured 11ne marks boundary between Paleozoic, 
Mesozoic, and Tertiary sedimentary rocks to the north of Lake Mead 
and Precambrian crystalline and Tertiary igneous rocks to the south 
<modified after Anderson, 1973, and Bohannon, 1984) 
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Detachment Faults 
As defined by Reynolds ( 1985l the term "detachment raul t" 
describes a low-angle normal fault that represents a major 
structural discontinuity with at least one or the following four 
characteristics: 
I. It is a zone of major displacement as revealed by a pronounced 
1 i tho logic m lsmatch between upper and lower plates. 
2. It separates rocks with contrasting structural styles; faulted, 
rotated, and brittlely distended upper-plate rocks are juxtaposed 
against less faulted lower-plate rocks; 
3. The upper plate contains normal faults that are cut by or merge 
with the detachment fault. 
4. It is underlain by a zone of hydrothermally altered breccia and 
microbreccia derived from lower-plate rocks. 
Detachment faults, and low-angle normal faults, have been widely 
recognized in the Lake Mead and lower Colorado River trough regions 
(Longwell, 1945; Anderson. 1971; Smith, 1982; Frost and 1'1artin, 
1982; Choukroune and Smith, 1985; Myers, 1984; Smith et al .. 1987b). 
Locally, detachment faults are exposed at Arch r·Jountain <Eschner and 
Smith .. 1988), in the James Bay and the Petroglyph Wash regions near 
Gilbert Wash (Feuerbach. 1986), and north of Boulder Canyon 
<Naumann, 1987al between Boulder wash and Flamingo cove (Figure 3l. 
9 
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F1gure 3. Locat1on or detachment faults exposed 1n the Lake Mead 
Area. AM= Arch Mountain, PW = Petroglyph Wash, FC =Flamingo Cove, 
CM* Cycloptc Mme, Sl ·Saddle Island. 
10 
Str1ke-SI1p Faults 
Studies examining the role of strike-slip faults in an extensional 
setting Indicate that such faults may form between regions of 
variable extension In the upper plates or detachment fault systems 
(Lister et al. 1986). In continental regimes this type of strike-slip 
fault is called a transfer fault (Gibbs, 1984). In the Lake l"'lead region, 
apparent strike-slip faulting began at approximately 17-15 r·Ja 
(Bohannon, 1979; Wernicke et al. 1984) along two zones: the 
northwest-striking, right-lateral Las Vegas Valley shear zone. and 
the northeast-striking, left-lateral Lake Mead fault system. Guth 
( 1981) and Wernicke et al. ( 1982) suggested that the Las Vegas Valiey 
shear zone is a transfer fault that separates a northern detached and 
tilted fault block terrain (e.g., Sheep Range, Black Hills, Desert Rangel 
from a southern detached "stable" terrain Ce.g., Spring Mountains). 
Weber and Smith ( 1987) suggested the Hamblin Bay fault, a strand 
of the Lake Mead fault system that offsets the mid-Miocene Hamblin-
Cleopatra stratovolcano, is also a transfer fault that separates the 
Eldorado Mountains from the River Mountains. 
Southeast of the Frenchman Mountain block, the Las Vegas Valley 
shear zone is not easlly recognized (Anderson, 1973; Bohannon, I 979). 
The southwest projection of the Lake 1"1ead fault system is also 
nebulous south of the Frenchman 11ountain block; however, Weber and 
Smith ( 1987) hypothesized that the Hamblin Bay fault projects across 
Lake Mead and becomes a high-angie, west-dipping normal fault 
buried by alluvium ln Eldorado Valley. This geometry is possibly 
repeated to the north, where the Bttter Spring Valley fault, a splay of 
the Lake Mead fault system, may turn to the south to become the 
II 
Saddle Island detact'lment <Sewall and Smitt'i, 1986; Weber and 
Smlth, 1986, 1987). 
South of Lake l"lead. high-angle normal Faults, rather than strike-
s! lp faults, are the domInant structures, although bott'i types or raul ts 
occurred synchronously between 12 and I 0.6 \"Ia (Anderson, 1 973). 
High-angle normal raul ts that bound the northern part of the Black 
Mountains structural block either merge with or are truncated by the 
Hamblin Bay fault (Figure 4). 
12 
ICF 
Figure 4. Location or strike-slip faults and htgh-angle normal faults. 
FM" Frenchman Mountain, H8F" Hamblin Bay fault, CCF .. Cabin Canyon 
fault, BRF .. Bltter Rtdge fault, LRF =Lime Ridge fault, GBF =Gold 
Butte fault, BWF =Boulder Wasl'l fault, RF =Ransome fault, EF = Emery 
fault, ICF = Indian Canyon rault. 
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DESCRIPTION OF ROCK UNITS 
Precambrian Rocks (PE:J 
Precambrian (?J gneiss crops out in the Arch Mountain klippe 
where it is exposed along the crest and on the east and west flanks of 
Arch Mountain. The gneiss is well foliated war, mafic bands of 
hornblende separated by felsic bands of plagioclase and quartz. n,e 
klippe also contains exposures of diorite that ranges in texture from 
aphanitic to phanerltic (Appendix AJ. North-striking, white and 
pinkish, coarse grained pegmatlte-dikes cut the gneiss and contain 
quartz, plagioclase and biotite. The dikes are typically about 1 m 
Wide. 
Gneiss and granite are exposed along the east flank of the Arcr, 
Mountain horst, from the head of Boulder Canyon near Boulder wash, 
south to Petroglyph Wash. Precambrian rock on the west side of the 
horst forms a north-trending block or dark grayish black gneiss and 
biotite schist. 
Paleozoic Rocks <Pz> 
Exposures of PaleozoiC sandstone, shale, and limestone that are 
correlot1ve With Cambnan Tapeats Sandstone, Bright Angel Shale, and 
Muav Limestone, respectively, crop out to the east of Wlshmg Well 
Cove. At this outcrop, approximately 5 m of buff-tan, well-mdurated, 
mediUm- to coarse-grained Tapeats Sandstone IS exposed above lake 
level. In the steep slope above the lake, the sandstone grades upward 
into a 5 m thiCk sect10n of platy, greemsh red, riPPle-marked, 
m1caceous Bright Angel Shale 
14 
f:if~ Quoternory alluvium 
U Tertiory Fortificotion Hill S<lsolt$ 
~ Tertiary Muddy Creek Formation 
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o Tertiory undifferentiated igneous rocks 
~ Tertiary Wil•on Ridge Pluton 
ITlTJ Precambrian t~~nells and Paleozoic 
lillJ sedimentary rocks 
Figure 5. Geographic locations ana generalized geology of tM Arcli 
Mountam Area 
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A thick section of grayish brown J·luav (?J limestone with layers or 
cr1ert nodules overlies the shale (Plate 1 J In addition to this 
exposure. other exoosures of Paleozoic sedimentary rocks that are 
similar in lithology to the rocks east of Wishing Weii Cove occur near 
the junction of Gilbert Canyon and James Bay Wash (Wilson and Moore. 
1959; Feuerbach, 1986). These carbonate exposures i i~ In a k i looe 
above a iow-anale fault. Similar outcrops of arevish-brown. massive 
" v • 
Paleozoic limestone are also exposed in the aiiuviated vaiiey east of 
James Bay Wash. 
At the Cohenour mine. white quartzite. greenish shale, and 
brownish gray limestone that are likely correlative with the l'luav 
Limestone, Bright Angel Shale, and Tapeats Sandstone, are complexly 
faulted and may form another klippe. The quartzite is massive to 
poorly bedded and is composed of medium to coarse, rounded quartz 
grains. The shale Is laminated, and well Indurated but fissile: it is 
composed of slit and micaceous minerals. The limestone is mJsslve. 
grainy, and locally dolomitized. The exposures or Paleozoic limestone 
In the area of the mine are locally mineralized and contain hematite. 
barite, chalcopyrite, malachite, azurite, sphalerite, epidote. and druzy 
quartz. Tertiary dacite and andesite intrude the blocks of Paleozoic 
rocks. 
Tertiary Rocks 
Horse Soring Formation <Ths) 
A sed1mentary sect10n contammg breccw Wlth l1mestone clasts, 
quartz sandstone, bedded 11mestone, and blocks of Precambmm ('?) 
gramte crops out east of the Cohenour mme at hlll 886T (Plate 1 l 
16 
This section Is about 40 m thick and ts tentatively correlated with 
the lithologically similar Thumb r-tember of the Horse Spring 
Formation. Ash layers from the Horse Spring Formation in the Lake 
Mead region yield K-Ar dates of 24, 23.5, and 19.6 f"la Cluccr1itta, 
1966; Anderson, 1973), but the Horse Spring Formation may be as 
young as 20 to 11.9 m.y. (Bohannon, 1984). 
Most of the upper 25m of the sedimentary section Is a well 
indurated pebble conglomerate. In outcrop the conglomerate 1s 
reddish brown, but the individual clasts are gray and brown or white. 
About 90 percent or the clasts are 0.1 to 5 em in diameter, subangular 
to subround limestone. The other 10 percent of the clasts are sub-
angular sandstone, chert, or granitic rock fragments supported by a 
red-brown calcareous matrix. A highly indurated, well-sorted, fine-
grained quartz sandstone with stringers oi coarse grained quartz 
conaiomerate is interbedded with the carbonate breccia. rleaabreccia 
. . 
blocks of Precambrian granite C?) as much as 8 m thick are also 
exposed at the top and bottom of the section. 
Approximately 4 m of resistant gray, well bedded, limestone 
underlies or is interbedded with the clastic section. The beds are 5 
to 25 em thick, and are interlayered with I to 10 em thick beds of 
fairly well sorted, fine-grained, rounded quartz sandstone. The strike 
of the bedding In the limestone Is coplanar with bedding In the 
overlying breccia. Similar limestones formed In the Tertiary Horse 
Spring Formation elsewhere In the Lake Mead region (Bohannon, I 984). 
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lnteroretation of the Horse Soring Formation 
The Horse Spring Formation was deposited in basins that formed 
during active extension <Longwell et al., 1965). Outcrops of the Horse 
Spring Formation at Arch Mountain, in the Rainbow Gardens area east 
of Frenchman f"1ounta1n <Anderson, 1973; Parolini, 1986), and on Saddle 
Island (Sewall and Smith, 1988), contain large blocks of distinctive 
Precambrian granite clasts. Although the Precambrian exposures in 
the Black f"1ountains have been suggested as a possible source for the 
coarse, clastic, debris-now deposits <Schmitt and Rice, 19881, the 
only exposed source with 1 ithologies that match those oi the debris 
flows at Rainbow Gardens is the Precambrian complex In the South 
Virgin Mountains, near Gold Butte <Volborth, 1962; Long we 11, 1974; 
Paro 1 ini, 1986; Parollnl and Rowland, 1988). Sewall and Smith ( 1987) 
correlated a Tertiary fanglomerate in the upper plate of the Saddle 
Island detachment fault with the Rainbow Gardens and Thumb 
members of the Horse spring Formation exposed in the Rainbow 
Gardens area east of Frenchman Mountain. They also suggested that 
the Horse Spring Formation exposed In the upper plate of the Saddle 
1 sland detachment fault was transported to the west by the Saddle 
Island detachment. I suggest that the occurrence of Horse Spring 
Formation in the upper plate of the Arch 11ountain and Saddle island 
detachment faults and In the Rainbow Gardens area may Indicate that 
these rocks were transported westward from the South Virgin 
1"1ountains in the upper plate of a west-dipping regionai detachment 
system. 
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Wilson Rldge Pluton Uwr> 
The granitic suite exposed at Arch Mountain is chemicaiiy similar 
to the granltic rocks or the Wllson Ridge pluton (Appendix Bl. The 
Wilson Ridge pluton Is a composite granite-quartz monzonite pluton 
or mid-Tertiary age that forms a north-trending belt in the central 
part of the study area (see Figure Sl. The age oi the pluton is based 
primarily on two K -Ar dates ( 15. I .:: .06 /"Ia and 1 3.6 :: .06 f"lal from 
samples that were collected from the west flank of Wilson Ridge 
(Anderson et al., 1972). ·Weber and Smith ( 1987) chemically 
correlated the Wilson Ridge pluton to the River Mountains volcanic 
section, which is dated between I 5 and 121"Ja. 
The eastern flank of the Arch Mountain horst is composed mainly 
of grayish white, fine-grained quartz monzonite (Appendix Al ttlat 
contains less than 5 percent biotite and hOrnblende Csee location A in 
Figure Sl. The quartz monzonite grades to the west into a hornblende-
blot 1 te-sphene-bearlng quartz monzon 1 te that locally contaIns 
abundant inclusions of hornblende-r-ich diorite <see location B in 
Figure 5l. The diorite inclusions range from angular blocks to 
circular blobs as much as 40 em in diameter. The hornblende occurs 
as delicate acicular crystals and coarse blocky crystal aggregates in 
a matrix of white plagioclase. In the south-central part of the horst 
the diorite inclusions are particularly well exposed and abundant Csee 
location c In Figure 5). 
The western flank of the Arch Mountain horst is composed mostly 
of white, coarse-grained granite and fine-grained hypabyssal quartz 
monzonite (Appendix Al. occasional xenollths of hornblende-rich 
diorite also occur within the quartz monzonite. North-striking basalt 
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and lamprophyre dikes <Appendix AJ that are less than 1 m thick 
contain 1-3 111111 wide euhedral books of biotite that intrude the 
western part of the pluton mainly along joints and faults; they are 
best exposed near the southern trace of the Ransome fault <see 
location D in Figure 5). South of Petroglyph Wash, the horst Is 
overlain by the Fortification Hill basalt member of the Muddy Creek 
Formation. 
Diorite containing hornblende and plagioclase (Appendix A) crops 
out sporadicaLly in the central part and along the west flank or the 
horst, adjacent to the north-trending belt of Precambrian (?J banded 
gneiss. The diorite varies In texture from fine to coarse grained. 
Hornblende occurs as conspicuous, blocky crystals ranging in size 
From I mm to 2 em. The age of this unit is uncertain. Joan Fryxell 
(personal communication, 1988) indicated that in the Southern Virgin 
Mountains, a similar unit with conspicuous blocky hornblende crystals 
is involved in Precambrian basement deformation. However, the 
diorite at Arch Mountain may be as young as Tertiary. Feuerbach 
( 1986) and E.l. Smith and L. Larson (personal communication, I 988) 
indicate that a slmllar hOrnblende diorite is exposed in the southern 
part of the Wilson Ridge pluton near Horse Thief Canyon. They 
interpret the diorite as a part of the mid-l"liocene Wilson Ridge 
pluton. 
Undl rrerentlated 1 gneoys Rocks <TuD 
Green and brown vesicular basalt Is exposed in the James Bay 
region. The basalts are fine to medium-grained and contain abundant 
quartz amygdules as rnucll as 4 em wide. Tile basalts intrude liglit 
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gray, fine- to medium-grained porphyritic diorite (Appendix AJ. The 
diorite contains phenocrysts of plagioclase, quartz, and hornblende 
and spherical inclusions of basalt that are generally I o em in 
diameter, with cuspate margins. Naumann and Smith ( 1987l observed 
similar basalt inclusions in a dacite north of Boulder Canyon and they 
suggested that the basalt inclusions are evidence of the mixing of 
basaltic and granitic magmas. 
Dacite flows, ranging from light gray to red, crop out adjacent to 
the James Wash Road (see location C in Figure 5). Locally, the dacite 
is highly hydrothermally altered and is bright red. The dacite contains 
quartz, plagioclase, biotite, and hornblende. In addition, a plug or dark 
reddish brown to blackish andesite porphyry, with small white angular 
to tabular plagioclase phenocrysts (Appendix AJ crops out 
approximately 0.5 km north or the Cohenour Mine. A simllar· 
porphyritic andesite is the main clast type of a conglomerate that is 
well exposed In the Wishing Well Cove area. 
lnteroretation of the James Bav Volcanics 
Volcanic rocks that may be equivalent to the River ~lountalns 
volcanics are widely exposed near James Bay. Feuerbach ( 1986) 
suggested that the James Bay volcanic section I ies in the lower plate 
or the Arch Mountain detachment, and he provided an elegant model, 
after Spencer C 1985), that explains how the volcanics could have 
intruded as a dike swarm during detachment faulting. An alternative 
interpretation, however, is that the section lies in the upper plate of 
the Arch Mountain detachment fault and that the section was 
transported from a source east of Arch r"lountain. 
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Tr1e Boulder Wash stratovolcano (Naumann, 1987) and the Hamblin-
Cleopatra volcano (Anderson, 1973: Thompson, 1985) are. located to 
the east of the James Bay area, thereiore it is possible that the 
James Bay volcanic section was detached from one of those sources. 
Wishing Well Cove Breccia (Twcbl 
The reddish brown, resistant volcaniclastic breccia at Wishing 
Well Cove, here named the Wishing Well Cove Breccia, extends 
approximately 6 km to the south of Wishing Well Cove. At Wishing 
Well Cove tr1e unit is massive, clast supported, well indurated, and It 
is at least 100 rn thick where it is exposed in cavernous weathering 
vertical cliffs (Figure 6). Approximately 2 km soutr1 of Wishing Well 
Cove the unit becomes bedded and thins to approximately I 0 rn. 
Bedding is formed by alternating layers, as rnuch as 0.~ rn thick, of 
poorly sorted cobbles and gravels. The unit is composed of angular to 
sub-rounded, brown, gray and purple andesite porphyry containing 
tabular plagioclase phenocrysts 1 to 3 mm in size. Clasts range in 
size from gravel, 1 em in diameter, to cobble, 5 ern in diameter, to 
boulder, 25 ern in diameter. Cobble-size clasts are the most abundant 
and represent about 90 percent of the clasts. 
Interpretation of the Wishing Well Cove Breccia 
Erosion of volcanic rocks resulted in the deposition of the 
mono lithologic Wishing Well Cove breccia. The source of the clasts is 
unknown. The lack of nonvolcanic clasts in the unit suggests tl1at the 
quartz monzonlte and gneiss of the Arch ~1ountain horst were not 
exposed during to tr1e deposition of the volcaniclastic unit, thus 
plutonic and rnetarnorprdc rocks were not availiable for deposition. 
T1"'1e breccia also apparently lies in tr1e upper plate of the Arcr1 
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Figure 6. At Wishing Well Cove the unit is massive, clast supported, 
we llindurated, and 1t Is at least 1 00 m thick where It is exposed in 
cavernous weathering vertical cliffs. View looking northeast with 
Gaurdian Peak to the left of center 1n the background. 
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Mountain detachment, therefore tt, and the James Bav volcanics. rnav 
. ' 
have been transported from the east. 
Muddy Creel< Formation <Imcl 
The Muddy Creek Formation crops out in a deeply incised alluvial 
apron along the east flank or Arch ~1ountain. The Muddy Creek 
Formation is a 10 m.y. old basinal deposit CBohannon, 1984) that 
varies considerably in lithology. Proximal, medial, and distal 
lithofacies are recognized in the exposure east of Arch Mountain. The 
proximal facies crops out adjacent to the range front as a poorly 
sorted, coarse clastic fanglomerate composed of angular cobbles and 
boulders of gneiss and quartz monzonite. The lithology or the 
fanglomerate clasts varies vertically sue1'1 tl1at tr1e clasts in tl1e 
lower· and middle parts of tt1e fan are mainly Precambrian gneis::;, but 
clasts of Tertiary quartz monzonite are present in t1·1e upper part oF 
the fan. The clast size be~.,omes finer down-fan. toward the east. and 
grades into the medial facies. The medial facies is mostly a !!Oorly 
sorted gravel with 5 to 30 em thick interbeds or angular, cobble size 
clasts. Farther to the east, the medial facies grades from bedded 
gravel to alternating layers of gravel and sand that interfinger with a 
fine-grained, reddish siltstone unit. The siltstone unit is approx-
imately 10m thick and is composed mainly of massive, friable silt 
with well-defined 0.25 to 1 m thick interbeds of poorly indurated, 
well-sorted sandstone. The slltstone and the sandstone are cemented 
with carbonate. Also. a channel fill deposit 10m trlick, containing 1 
to 3 rn thick crossbeds of well-rounded cobbles cornpused of 
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Paleozoic fossiliferous limestone and pebbles of chert, Is cut Into the 
upper portion of the reddish siltstone unit. 
Locally, olivine basalt dikes (Appendix Al intrude the red siltstone 
and basalt flows overlie the Muddy Creek sediments. The basalt Is 
assumed to be the Fortification Hill member of the Muddy Creek 
Formation. A 10m thick section of east-dipping, bedded white 
gypsum Interbedded with 10 em thick waterlain ash layers underlies 
the reddish siltstone unit. The gypsum unit is at least 180m thick 
(Ransome, 1923), but the waters of Lake Mead cover the lower 170 rn 
of the section 
Interpretation of Muddy Creek Formation 
Based on my preliminary observations of the t·Juddy Creek 
Formation I suggest that the section exposed east of Arch Mountain 
provides a record of the unroofing of the Wi !son Ridge pluton. r·1uch of 
the fanglomerate facies is composed of Precambrian gneiss clasts; 
Tertiary quartz monzonite clasts are abundant only in the upper part 
of the fan and in the Holocene river channels. This suggests that 
during the initial stages of fan development mainly Precambrian rock 
was exposed to erosion and that Tertiary quartz monzonlte was not 
widely exposed until later in the fan-building episode (Figure 7al. 
When the quartz monzonite was exposed, due to erosion and actlvity 
on the Boulder Wash fault zone, quartz monzonite clasts were 
deposited over the detritus of the Precambrian rock (Figure 7bl. 
Conttnued faulting and erosion produced steep cliffs In the exposed 
belt of resistant quartz monzonite. The development of the steep 
cliffs halted sheet flow and debris flow deposition on the fans and 
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initiated stream channels that cut down into the fan material \Figure 
7cl. Some of these river channels are deeply incised Into the Muddy 
Creek Formation, thereby exposing the stratigraphy of the fans. The 
fans exhibit a proximal facies of coarse. ooorly sorted breccia that 
grades down-fan into a medial facies of interfingered cobbles, 
gravels, and sands that In turn interfinger with a distal playa facies 
of gypsiferous silts and gypsum beds. This relationship indicates 
that alluvial fans were developing at the margin of the Virgin Basin 
synchronously with playa development near the basin center. Layers 
of tuff that are interbedded with thick gypsum deposits suggest that 
volcanic activity was occurring concurrently with gypsum 
precipitation. 
Channel fill deposits that are cut into the Muddy Creek fan and 
playa sequence are composed of rounded cobbles and pebbles of 
Paleozoic carbonates, quartzites, and cherts. These deposits were 
probably laid down by the Colorado River at about 5 Ma. It seems 
likely that the cobbles were laid down about the same time that the 
Colorado River was cutting its channel through Boulder Canyon, thus 
connecting the VIrgin and Boulder basins and creating an Integrated 
drainage system. 
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Figure 7. Interpretive development of the syntectonic Tertiary Muddy 
Creek Formation on the east side of Arch Mountain beginning wHh the 
tmttal upltft and eroston of the Precambnan rocks of the Arch 
Mountain horst (A) and ending with the present outcrop configuration 
(D) of Precambrian rocks (P€), Tertiary Wilson Ridge pluton (Twr) and 
Muddy Creek Formation. 
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Quaternary Rocks 
Older Alluvium (QoD 
Alluvium occurs mainly on the east and west flanks of the horst. 
Older alluvial deposits are distinguished from younger alluvial 
deposits on the basis of superposition. Recent stream channels are 
usually incised into the older alluvial deposits. The surface of tr1e 
buff-colored older alluvial deposits is commonly covered by a 
varnished desert pavement. These older alluvial deposits are often 
flat lying or slightly inclined and are composed of loosely 
consolidated and poorly sorted sediments that range in clast size 
from silt to boulder. The clasts are mostly angular to subangular and 
are mainly derived from the Precambrian basement and the Tertiary 
Wilson Ridge pluton. Tertiary volcanic clasts are locally abundant 
Younger Alluvium <aaD 
The thin veneer of sediments depos1ted in the major drainages of 
intermittant streams was mapped as younger alluvium (Qall. It 
consists of light colored sand, gravel, cobbles, and boulders derived 
from the recent erosion of the local terrane. The unit i5 
unconsolidated and poorly sorted and the angular and subangular 
clasts are composed of Precambrian granlte, gneiss,and Tertiary 
plutonic and volcanic rocks. 
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STRUCTURE 
Arch Mountain Detachment Fault 
A low-angle normal fault, herein named the Arch Mountain 
detachment fault, crops out over a lateral distance of 6 km just 
below the ridge crest of Arch Mountain. The fault strikes N10' wand 
dips 5' to 35' west. rr,e fault can be easily identified from a 
distance because it corresponds to a distinctive dark-light contact 
produced by the color contrast between the dark, upper plate rocks 
and the light, lower plate rocks (Figure 8). The dark-ligr,t contact is 
also identlfiable on LANDSAT imagery of northwestern Arizona. In 
the south-central part of the Mrst the fault trace is difficult to 
identify, and the color contrast is not well defined because only 
narrow outcrops of upper-plate rocks exist as erosional remanents 
above a diorite, inclusion-rich lower plate. 
The Arch Mountain detachment fault is planar and lacks tr,e 
undulations that are typical of detachment faults along the Colorado 
River trough in Arizona and southeastern California (frost and Martin, 
1982). On the west side of Arch Mountain, however, othe fault 
surface exhibits west-trending mullion structures with amplitudes of 
approximately I m (Figure 9). The fault surface is typified by a 2 to 
20 em thick zone of breccia and cataclasite impregnated witr, 
hematite. The breccia zone is formed by angular fragments of the 
Wilson Ridge pluton that range in size from 1 rnm to 10 em and that 
are supported by a black matrix composed oi highly indurated rock 
flour (Figure I 0). 
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F1gure 8. The Arch Mounta1n detachment rault can be eas11y 1dent1f1ed 
from a distance because 1t corresponds to a d1st1nct1ve dark-light 
contact produced by the color contrast between the dark, upper plate 
rocks and the 11ght, lower plate rocks. V1ew looking north (photo 
courtesy of Dr. E. I. 5m1thl. 
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F1gure 9. On the west s1de of Arch Mounta1n the detachment fault 
surface exh1b1ts west-trend1ng mu111on structures w1th amp11tudes of 
approx1mately 1 m (rock hammer for scale 1s left of center 1n lower 
part of photo). V1ew look1ng west. 
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F1gure 10. Photograph of a typ1cal exposure of the breccia zone of the 
Arch Mountain detachment fault. The breccia Is formed of angular 
fragments of Wilson Ridge pluton that range In s1ze from 1 mm to 10 
em and that are supported by a black matrix composed of h1ghly 
Indurated rock flour. 
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The lower plate of the detachment fault is cut by anastomosing 
faults and by a pervasive set of fractures that are coplanar with the 
detachment raul t (Figure 11 ). west-directed offset of the faults is 
demonstrated by the westward offset of mafic dikes that are cut and 
diSPlaced as much as several meters to the west. Although the offset 
on individual faults is small, the cumulative offset along these 
numerous faults is estimated to be greater than I 00 m. 
Stacks of low-angle, west-dipping faults are also present in 
James Bay Wash; however, ther~~is no cataclasis associated with 
them. Instead, these faults are discrete, slickensided planes or 
slippage that have been stained red by hydrothermal alteration. 
Again, cummulative displacement on these faults may be large, but 
the absolute offset could not be determined. 
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Figure II. The quartz monzonite <Twr> tn the lower plate of the Arch 
Mountatn detachment fault ts cut by anastomosing faults and by a 
pervasive set of fractures that are coplanar with the detachment 
fault. View looking south from east side of Arch Mountain, rock 
hammer for scale In lower part of photo. 
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Bou I dec Wash Fau It Zone 
The Boulder Wash fault crops out along the east side of Arch 
Mountain, from north of Petroglyph Wash to Boulder Canyon. North or 
Boulder Canyon the fault follows Boulder Wash and terminates against 
the Hamblin Bay Fault (Longwell, 1963; Naumann, 1987). Directly 
south of Boulder Canyon the fault dips 40' east and separates 
Precambrian granite from Quaternary fanglomerate. A few kilometers 
south of Boulder Canyon the dip of the fault Increases to 45' east, and 
the fault zone contains a 10m zone of_bighly altered, multicolored 
gouge. Farther south, near Petroglyph Wash, the fault dips 82' east. 
and the width of the gouge zone narrows to about I m. 
Anderson ( 1971 l suggested that at least 800 m of displacement 
was accommodated along the Boulder Wash fault. My mapping, 
however, demonstrates that the displacement on the Boulder Wash 
fault was distributed across a series of en echelon, east-dipping 
faults that are coplanar with the Boulder Wash fault. These faults 
crop out in a broad zone that extends approximately 1 km east and 2 
km west of the trace of the Boulder Wash fault. Faults of this zone to 
the west or the Boulder Wash fault generally dip 75' or greater and 
place a hanging wall of Precambrian rocks (from the upper plate of 
the Arch Mountain detachment) against a footwall of Tertiary quartz 
monzonite Cln the lower plate of the Arch Mountain detachmentl. 
Several of these east-dipping, high-angle faults cut and rotate the 
Arch Mountain detachment 30' to 35' to the west (Figure 12). 
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Figure 12. The Boulder wash and the Ransome faults are major normal 
faults that cut the Arch Mounta1n detachment and bound the Arch 
Mountam horst on the east and west, respectively (from Eschner and 
Sm1th, 1988). 
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East of the Boulder wash raul t, r1uddy Creek sediments are cut and 
rotated by a series of coplanar raul ts that dip so· to 70· eastward 
(Figure 13). Some of these faults exhibit a well-cemented and 
resistant gouge zone (approximately 5 em wide) that stands several 
em in relief (Figure 14). Also, a north-plunging anticline parallels 
the Boulder Wash fault zone within the Muddy Creek sediments. Much 
of the eastern limb of the anticline is covered by the waters of Lake 
Mead. Longwe 11 (I 963) mapped severa I attitudes in the Muddy Creek 
section west of the anticline. Base_d_on Longwell's mapping, I suggest 
that a syncline lies to the east of, and parallels, the anticline mapped 
by me but the syncline is now covered by Lake Mead. It is possible 
that the syncline northeast of Boulder Canyon (Naumann, 1987) is the 
northward projection of the concealed syncline. 
Ransome Fault Zone 
The Ransome fault strikes north along the western range front of 
Arch Mountain, from Petroglyph Wash to north of Boulder Canyon 
where it is truncated by, or merges with, the Boulder Wash fault. The 
fault forms a steep 100m high escarpment that extends from Boulder 
Canyon approximately 3 km to the south; however, from approximate-
ly 4 km south of Boulder Canyon to Petroglyph Wash trle escarpment is 
only 1 to 3m high. The marked decrease in the height of the escarp-
ment 4 km south of Boulder Canyon may indicate that the fault hinges 
as a scissor fault. Alternatively, erosion may have removed more of 
the hanging wall block near Boulder Canyon, thus exposing more of the 
fault. 
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F1gure 13. East of the Boulder Wash fault, Muddy Creek sed1ments are 
cut and rotated by a ser1es of coplanar faults that d1p so· to 70· 
eastward. V1ew look1ng north-down ax1s of ant1c11ne. 
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Figure 14. Some of the faults that cut the Muddy Creek Formation 
exhib1t a well cemented and resistant gouge zone (approximately 5 em 
wide) that stands several centimeters in relief. View looking south 
from east flank of Arch Mountain. 
39 
South of Boulder Canyon, the Ransome fault juxtaposes a 2.5 km 
long block of Precambrian and Paleozoic rock against Tertiary Wilson 
Ridge pluton in the lower plate of the Arch 1'1ountain detachment fault. 
The down-dropped block or Precambrian rock Is offset at least 500 m 
From similar rocks in the upper plate of the Arch Mountain 
detachment fault. The block or Precambrian rock Is bounded on the 
west by a west-dipping, high-angle normal fault, here named the 
Wishing Well Cove fault. The Wishing Well Cove fault juxtaposed and 
dragged volcaniclastic rocks against the block of Precambrian rock 
(Figure 15). Several smaller blocks of Precambrian rock are also 
displaced by the Ransome fault and by faults synthetic to the 
Ransome fault. The displaced blocks crop out along the west flank of 
Arch Mountain (see Plate I). • 
In the James Bay region, west of the Wishing Well Cove fault, the 
section of hypabyssal quartz monzonite and dacite that is intruded by 
numerous, low-angle basaltic dikes Is cut by north-striking, high-
angle faults that dip so· to 55' westward. Some of the high-angle 
faults are cut by north-striking, low-angle faults that dip 1 o· to I 5' 
west-ward. No offset Features were found that could be used to 
estimate the total amount of displacement across the low-angle 
faults; however, at one locality several en echelon, high-angle faults 
cut a quartz-monzonite dike, and each fault shows approximately 10 
em of down-to-the-west displacement (Figure 16). 
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Ftgure 1 s. VIew looking southeast from south of Wishing Well cove. 
The steeply west-dipping scarp of the Wishing Well Cove fault Is 
exposed from the lower left of the photo to the upper right. The 
Wishing Well Cove fault juxtaposed and dragged volcaniclastic rocks, 
exposed In the right half of Photo, against the block of Precambrian 
rock, exposed in the left half of photo. 
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Figure 16. View looking south from James Bay wash. West-dipping, 
en echelon, high-angle normal faults cut a quartz monzon1te d1ke, and 
each fault shows approximately 1 0 em of down-to-the-west 
displacement. For scale, the d1ke is approximately 20 em w1de. 
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Structural Trends 
North-striking, low-angle, normal faults and high-angie normal 
faults, and joints, are the major structural features of the Arch 
Mountain area. The poles to the planes of the faults and joints are 
plotted on Schmidt net lower hemisphere projection plots (Figures 17 
and 18). The poles for the north-trending faults plot along an east-
west belt, and thus reflect east-west regional extension. The poles 
for the north-trending joints also reflect east-west extension. No 
low-angle joints were observed. Jhe poles plot In two groups 
centered on the east-west axis of the net, one on the eastern side and 
the other on the western side of the net <Figure 18). The data for the 
faults and the data for the joints indicate that the faults and joints 
are the result of a vertical maximum principal stress <sigma I land of 
a horizontal, east-west directed, minimum stress <sigma 31. 
Interpretation of High-Angle Normal Faults 
and Strike-Slip Faults 
Multiple north-striking horsts and grabens formed south of the 
Lake Mead region synchronous with strike-slip faulting or the Lake 
Mead fault system (Anderson, 1973). The Black Mountains block, 
Including the Arch Mountain horst, the Petroglyph Wash graben, and 
the Wilson Ridge horst was up11fted approximately 2000 m <Anderson, 
1973) relative to the Colorado River trough, the Boulder basin, and the 
VIrgin Basin. The Black Mountains are bounded by high-angle faults 
that formed as the range uplifted. 
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Figure 18. Poles to the planes or the joints plotted on a Schmidt net, 
lower hemisphere projection. 
The Indian Canyon fault is the west-dipping, high-angle normal 
fault that bounds the west flank of the Black l"lountains, adjacent to 
Wllson Ridge; the fault projects north of Lake Mead and bends 
eastward into the Lake Mead fault system along the Hamblin Bay fault 
(Longwell, 1936; Angel!er et al., 1985). The Boulder Wash fault 
bounds the east flank of the Black Mountains, adjacent to Arch 
Mountain, and Intersects the Hamblin Bay fault. The VIrgin Basin 
<Detrital Valley block) is bounded to the west and north by the 
Boulder Wash and Hamblin Bay faults, respectively (Figure 19). The 
high-angle faults that cut the Black Mountain block may have formed 
In the upper plate of a detachment system that is structurally 
younger and deeper than any detachment r,aults that are exposed in the 
region (Smith et al., 1987b). Conversely, the high-angle faults may 
have formed in response to isostatic uplift of the Black t"lountalns 
block resulting from the tectonic denudation of the Arch Mountain-
Saddle Island detachment system or from an older detachment 
system. Axen ( 1987) and Wernicke and Axen ( 1988) documented 
similar structural geometries in the Mormon and East Mormon 
Mountains, the Tule Spring Hills, the Beaver Dam Mountains and the 
Virgin Mountains. In those areas, approximately 60 km of WSW-
directed extension occurred above three detachments. The 
detachment faulting was followed by isostatic rebound that caused 
high-angle faults to accommodate 5-20 km of footwall uplift. 
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Figure 19. Generallz~ structure map or the Lake Mead area snowing 
relationshiP between the left-lateral Hamblin Bay fault and the high-
angle normal faults (bar and ball on down-dropped slde) to the scuth 
(modified after Longwell, 1936; Anderson, 1973; Angeller et al., 
1985). HBF .. Hamblin Bay fault; BWf • Boulder Wash fault; Rf" 
Ransome fault; EF =Emory fault; ICF • Indian Canyon fault; MSF ""Mead 
Slope fault; FF =Fortification fault. 
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REGIONAL STRUCTURAL MODELS 
Introduction 
Several models have been proposed to explain the geology M the 
Lake Mead area, but these models need updating as new geologic 
relationships are discovered. 1 present here a discussion of the 
models of the Lake !"lead area geology. 
Strike-slip models 
Early models of the area addressed the sigmficance of large-
magnitude strike-slip faults. Two opposing schools of thought 
emerged, one 1n favor of right-lateral strike-slip faulting and another 
in favor of left-lateral faulting. Longwell (1971; 1974) recogn1zed 
that the. Gold Butte pluton in the South Virgm Mountains is the closest 
known source for the rapakivi-granite megabreccias in the Horse 
Springs Formation east of Frenchman Mountain. He proposed that the 
right-lateral Las Vegas Valley shear zone was responsible for 
approximately 65 km of right-lateral displacement of the Frenchman 
Mountain Block (Figure 20), and he presented several other 
independent estimates of lateral movement that support 
approximately 65 km of right-lateral offset on the Las Vegas Valley 
shear zone. Longwell's work Indicated that at approx1mate1y 17 1"1a, 
before the development of the Lake Mead fault system, the Las vegas 
Valley shear zone extended to the southernmost Soutn Virgin 
Mountains and that at 12 Mathe northeast trending faults of the Lake 
Mead system offset the Las Vegas Valley shear zone. 
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•• 6 Thrust faults 
Strike-slip faults 
Figure 20. Right-lateral strike-slip model showing approximately 65 
km of seperat1on between the Frenchman Mountain block and the Gold 
Butte gramte complex (after Longwell, 1974) 
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Anderson c 1973) and Bohannon c 1979) did not support Longwell's 
interpretation. They chose to ignore the implications of large-
magnitude right-lateral strike-slip faulting in the Lake Mead area 
based on the poor exposure of the southeastward projection of the Las 
Vegas Valley shear zone (Figure 21 l. They suggested that the left-
lateral Lake Mead fault system was responsible for the emplacement 
or the Frenchman Mountain. block. They also concluded that perhaps 
the Las Vegas Va11ey and Lake Mead strike-slip systems formed 
coevally, between approximately 15 to 10.7 r·1a, and that strike-slip 
displacement on the Lake Mead fault system is transferred into 
vertical displacement and crustal extension south of Lake !"lead 
(Figure 22). It is still unclear whether the Las Vegas Valley shear 
zone was active at the same time as the Lake Mead Fault svstem, but 
Salyards and Shoemaker C 1987) indicate that in the region southeast 
of Frenchman Mountain, where the two fault systems intersect, the 
Las Vegas Valley shear zone is consistently offset by the Lake Mead 
fault system. 
Detachment Models 
Anderson C 1973) realized that the large hOrizontal transport or the 
Frenchman Mountain block and the geometry of the northeast-striking 
fault ridges within and about the block were inadequately explained by 
classical fault mechanics acting within a rigid crust. He speculated 
that these upper-crustal deformational features must be the result of 
mantle convection. Low-angle, normal-slip, crustal shear zones, 
however, can also explain these upper-crustal Features. 
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Figure 21. Left-lateral strike-slip model showing approximately 20 
km of separation of the Hamblin-Cleopatra volcano (from Bohannon, 
1979). 
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Figure 22. Block diagram Illustrating the relationship of strike-slip 
faults and normal faults In the Lake Mead area. The normal faults are 
shown with bar and ball on the down-thrown side. Displacement on 
the strike-slip system decreases toward tne viewer (from Anderson, 
1973). 
With the recognltlon of detachment faulting in the Lake 11ead 
region (Smith, 1982; Choukroune and Smith, 1 985) new models were 
developed, and a new school of thought is emerging that emphasizes 
the Importance or detachment faults and their relationship to strike-
slip and high-angle normal faults. 
Weber and Hardy ( 1 986) disagreed wIth Bohannon's ( 1984) model of 
broad arching in the Lake Mead region and suggested that the 
similarities in thickness and depositional environment of the lower 
to middle Cambrian sequences exposed at the Colorado Plateau, 
Frenchman Mountain, and Sheep Mountain indicated that those areas, 
now widely separated, were originally deposited In close proximity. 
They appl led the models of Spencer ( 1985) and Wernicke ( 1985) and 
suggested that Frenchman Mountain, and Sheep Mountain may 
represent isolated blocks that broke off the margin of the Colorado 
Plateau during the mid-Miocene and were transported westward as 
the Precambrian basement In the Lake Mead area was pulled from 
beneath the Colorado Plateau in the lower plate of an east-rooted 
detachment structure. They argued that the Paleozoic sedimentary 
section was never deposited on the Precambrian basement of the Lake 
Mead area. 
Parol in I ( 1986) studied the Thumb Member of the Horse Spring 
Formation In the Rainbow Gardens area east of Frenchman Mountain 
and suggested that the angular1ty of the clasts In the Rainbow 
Gardens member precludes Bohannon's ( 1984) interpretation that the 
megabreccias were deposited 30 km from their proposed source in the 
Gold Butte area of the South Virgin Mountains before lateral transport 
by the Lake Mead fault system. 
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Alternatively, Parolini called on the Wernicke ( 1985) model of an 
east-rooted detachment beneath the Colorado Plateau and suggested 
that the source for the Thumb Member megabrecelas was pulled from 
beneath the Colorado Plateau, and that the megabreccla was deposited 
in an allochthonous basin . 
Parolini concurred with Longwell ( 1974) that the Horse Spring 
basin formed prior to 17.5 Ma and he suggested that the Initiation of 
faulting and basin formation was at least 3 m.y. before the Initiation 
-of activity on the Lake Mead fault system at 14.5 Ma. 
Weber and Smith ( 1 987) used geochemical data from volcanic 
rocks and volcanic stratigraphy to suggest that high-angle normal 
faults and the faults of the Lake Mead fault system formed at the 
boundaries between areas of variable extension in the upper plate of a 
regional detachment structure. They also suggested that the high-
angle normal faults and the faults of the Lake Mead fault system sole 
into the upper plate or a regional detachment structure and that the 
detachment structure and strike-slip faults of the Lake Mead fault 
system are temporally and kinematically related (Figure 23). 
Smith et al. ( 1987a) suggested that the detachments exposed at 
Saddle Island, Petroglyph wash, and Arch Mountain may be correlative. 
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Figure 23. Interpretive block diagram showing upper plate of the 
proposed Lake Mead-Eldorado Valley detachment system. EVf = 
Eldorado Valley fault; HBF • Hamblm Bay fault (from Weber and Sm1th, 
1 987). 
Also, they suggested that the high-angle normal faults that cut the 
detachments to form a series of north-striking horsts and grabens 
may be related to a structurally younger and deeper detachment 
<Figure 24), Duebendorrer et al. ( 1988) examined the mylonitic 
Precambrian rocks in the lower plate of the Saddle Island detachment, 
and they determined a top-to-the-west sense of shear for the 
mylonites and the low-angle normal faults that cut the lower plate 
rocks. They suggested that Saddle Island represents a metamorphic 
-eore complex. 
Rowland et al. (in pressl examined Paleozoic and Tertiary strata 
exposed in the Frenchman Mountain block and similar rocks adjacent 
to the Colorado Plateau. They suggested that the Frenchman Mountain 
block was detached from an area east of the South Virgin Mountains. 
Before large-magnitude tectonic transport of the Frenchman i"lountain 
block, the megabreccias of Precambrian rapakivi granite that are now 
exposed in the Horse Spring Formation east of Frenchman Mountain 
were likely calved from a structurally exposed headwall in the South 
Virgin Mountains and were deposited into a proximal episutural basin. 
Any new structural models of the Lake Mead area must hOnor the 
implications of detachment faulting and recognize that high-angle 
normal faults and strike-slip faults in the region may be adjustment 
features In the upper plate<sl of detachment structures (Guth and 
Smith, 1987). 
LAS VEGAS VALLEY-DETRITAL WASH TRANSECT 
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Figure 24. Las Vegas Valley-Detrital Wash transect showing horst 
and graben nature of the region and the projection of the Arch 
Mountam and Saddle Island detachment faults (after Sm1th et al., 
1987a). 
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IMPLICATIONS AND CONSTRAINTS 
Introduction 
The geology of the Arch Mountain area provides data that are 
useful for constraining structural models of the Lake Mead area. 
Evaluating the models induces critical questions about the Cenozoic 
history of the Lake Mead area. These questions include: 
I. Were the Paleozoic and Mesozoic sedimentary rocks that are now 
virtually missing south or Lake Mead removed by erosion or by 
faulting 
2. What is the significance of major structural features 
such as the the Saddle Island detachment, the Arch t'lountain 
detachment. the Las Vegas Valley shear zone, and the Lake Mead fault 
system? 
I will next discuss each question using constraints based on my 
field work at Arch Mountain and on a synthesis of regional studies. 
I. Lack or Paleozoic and Mesozoic Rocks South of Lake Mead 
The absence of Paleozoic and Mesozoic cover in the area south of 
Lake Mead suggests the removal of approximately 3000 m of sect ion 
by erosion or by faulting, or by a combination of the two processes. 
Bohannon < 1984) suggested that, during the late Cretaceous to 
early Tertiary, a large north-striking arch rormed In the Lake Mead 
area (Figure 25) and that in the core region of the arch, between the 
Grand Wash Cl i rrs and the eastern Spring Mountains, erosion denuded 
the Precambrian basement of virtually all Paleozoic and Mesozoic 
cover before the Patsy Mine Volcanics were deposited at approxim-
ately 20 Ma. In the Lake Mead-Eldorado Valley area, mid lvliocene 
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plutons served as the source for the volcanic rocks that were 
deposited on the basement of Precambrian metamorphic rocks locally 
covered by as much as 10 m of conglomerate (Anderson, 1971; 
Anderson et al. 1972; Weber and Smith, 1987). Unfortunately, 
Tertiary erosion and faulting preclude unequivocal reconstruction or 
the arch, but sedimentologic and stratigraphic evidence suggest that 
a topographic high existed In the area or the proposed arch before 20 
Ma (Longwell, 1963; Young, 1966; Lucchl tta, 1966; Anderson, 1971 l. 
Xenollths~of Paleozoic rocks near Kingman Wash (Mills, 1985), large 
blocks of Paleozoic rocks In the Petroglyph Wash graben (Wilson and 
Moore, 1959; Feuerbach, 1986) and in the River Mountains mmm, 
1985), and the Paleozoic-Mesozoic section at Frenchman Mountain 
Indicate that Isolated blocks of Paleozoic rocks were present In the 
Lake Mead area during the episode or mid-Tertiary plutonism and 
volcanism between approximately 15 to 12 Ma. Therefore erosion did 
not remove all of the pre-Tert lary rocks as Bohannon ( 1984) 
suggested. Alternatively, the presence of Paleozoic rocks In the 
upper plate of the Arch Mountain detachment fault, and the presence 
or detachments In Petroglyph wash and at Saddle Island, suggest that 
detachment faulting was an Important factor in removing Paleozoic-
Mesozoic strata from the area. The Horse Spring Formation 
apparently formed during this faulting event between 24 to I o Ma. 
Weber and Hardy ( 1986) disagreed with the arch theory and 
proposed that the Precambrian basement south of Lake Mead Is an 
exhumed tectonic surface that was pulled from beneath the Colorado 
Plateau; they concluded that Paleozoic rocks were n&v&r deposited on 
the basement of the Lake Mead area. 
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Figure 25. Location of north-strtktng arch that rormed during the late 
Cretaceous to early Tertiary (modified by Tlmm, 1985, after 
Bohannon, 1984). 
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The presence or Paleozoic rocks In the Arch Mountain area 
suggests that the Paleozoic- Mesozoic section that originally was 
deposited above Arch Mountain and a large region south of Lake Mead 
was not entirely removed by erosion. The absence of significant 
Paleozoic and Mesozoic rocks in the Arch Mountain area and the 
presence of detachment faults at Arch Mountain, Petroglyph Wash, and 
Saddle Island suggest that the Phanerozoic section that was 
deposited In the region around Arch Mountain became detached during 
the Tertiary and was transported to the west, adjacent to the Las 
Vegas Valley shear zone and above a west-dipping, regionally 
extensive detachment fault complex, possibly the Arch Mountain-
Saddle Island detachment system. In this model the Frenchman 
Mountain block, the Spring Mountains, Sheep Mountain, and Paleozoic 
rocks In Petroglyph Wash are the detached remanents of the 
Paleozoic and Mesozoic strata that were deposited In the region south 
of Lake Mead. 
61 
Restoring the Paleozoic and Mesozoic Strata 
Spring Mountams and Frenchman Mountain Block 
The Paleozoic strata exposed 1n the Frenchman Mountain block are 
clearly representative or the foreland east of the Sevier orogenic belt 
(Longwell, 1974). The orogenic belt is exposed in the Spring 
Mountains and in the Muddy Mountains. Approximately 65 km of east-
southeast translation of the Spring Mountams and the Frenchman 
Mountain block is required to restore the Keystone and Muddy l'lountain 
thrust plates along the axis of the Las Vegas Valley shear zone, yet 
maintaining the foreland position of the Frenchman Mountain block. 
Restoring the Spring Mountains and the Frenchman Mountain block 
along the Las Vegas shear zone places them south of Lake Mead 
(Figure 26). The Sprmg Mountain block is Interpreted as a large block 
that did not experience sigmficant rotatiOn. Instead, it remained a 
"stable," coherent block as 1t rode passively to the west aoove a 
proposed detachment zone (Wermcke et al, 1984). In contrast, the 
geometry of the north-striking, high-angle normal faults that cut the 
Frenchman Mountain block indicate that the Frenchman l'lountain blocK 
broke into a series of strike ridges that rotated eastward as the block 
moved to the west in the upper plate of the reg10nal detachment fault 
system. The geometry of the eastward-t i I ted strata of the Horse 
Spring Formation east of Frenchman Mountain indicates that the 
strata were deposited synchronous with detachment faulting. Older 
units of the Horse Spring Formation east of Frenchman Mountain dip to 
the east at a higher angle than the younger units (Bohannon, 1 984). lt 
is common for strata that are deposited synchronously with 
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Figure 26. Present geology (dark arrows represent relative 
displacement vectors) and reconstruction of offset Mesozoic thrust 
faults (heavy solid lines with teeth). Restoring the Spring Mountains 
and the Frenchman Mountain block along the Las Vegas shear zone 
places them south of Lake Mead. 
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detachment faults to exhibit greater dip angles in the older strata 
than in the younger strata. This is because the older strata are 
subject to a longer episode of stratal rotation during tectonic 
transport <Davis, 19831. 
Sewall and Smith ( 1988l correlated the Rainbow Gardens and 
Thumb members of the Horse Spring Formation exposed east of 
Frenchman Mountain with lithologically similar units In the upper 
plate of the Saddle Island detachment and suggested that detachment 
faulting, in addition to strike-slip faulting, transported the sections 
from the Gold Butte area to their present positions. This evidence 
suggests that either the Arch Mountain detachment was involved in 
the transport of the sections from the Gold Butte area, or that the 
transport was accommodated by a detachment that is structurally 
higher than the Arch Mountain detachment. If there was a structur-
ally higher detachment, it must lie in the upper plate of the Arch 
Mountlan detachment and, unfortunately, it has since been eroded 
from the k 1 Ippe exposed at Arch Mountain. In the Cohenour I'll ne area, 
however, sediments that are lithologically similar to Horse Spring 
Formation are interpreted to be in the upper plate of the Arch 
Mountain detachment. The presence of these sediments may be 
additional evidence to suggest that the Frenchman Mountain block was 
transported to the west In the upper plate of the Arch Mountain 
detachment as well as the Saddle Island detachment. 
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Sheep Mountain 
The Paleozoic strata of the Sheep Mountain block may be concisely 
tied to the Frenchman Mountain block by the stratigraphic correlation 
of the lithologically distinct middle Devonian c member of the 
Mountain Springs Formation; Z1l insky and Miller ( 1984) suggested that 
the lithologic features and thickness of the member cat Sheep 
Mountain and Frenchman Mountain Indicate that the successions 
formed paleogeographically near Arch Mountain, between the Muddy 
Mountains and the South Virgin Mountains. The strike-slip models do 
not explain the displacement of the Sheep Mountain block. 
Conclusions 
Restoring the Spring Mountains, the Frenchman l"lountain block, and 
Sheep Mountain to their pre-extension paleogeographic position 
requires that they lie in the upper plate of the Arch Mountain and 
Saddle Island detachments. The evidence presented above supports 
the Interpretation that many of the Phanerozoic strata that were 
deposited in the Arch Mountain area, and in the area to the south of 
the Las vegas Valley shear zone, were structurally denuded and that 
the structural denudation accounts for a large percentage of the 
missing Paleozoic-Mesozoic strata south of Lake Mead. If the Las 
Vegas Valley shear zone displacement is removed, and the Spring 
Mountains, Frenchman Mountain and Sheep Mountain blocks are 
restored to to their pre-faulting position adjacent to the !'"'Iuddy 
Mountains and the Colorado Plateau (Figure 27al, then one can see that 
the Black Mountains, including Arch Mountain, are part of the 
basement that once existed beneath those blocks (Figure 27bl. 
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Figure 27. Idealized map view showing Al prior to detachment and 
strike-slip faulting, the Sevier thrust (heavy line with teeth on upper 
plate) was a continuous, north-trending belt and Bl present position 
of thrust faults separated by Las Vegas Valley shear zone (LVVSZ); 
Spring Mountains block Is shown by stlpled pattern; FM =Frenchman 
Mountain block; SM =Sheep Mountain block; FCFZ =Furnace Creek fault 
zone; wavey pattern represents exposed basement terrain structurally 
denuded of cover; arrows represent displacement vectors (modified 
after Wernicke et al., 1 982). 
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It ts apparent, however, that two pieces or evidence remain 
enigmatic: (A) the trace of the Las vegas Valley shear zone south or 
Frenchman Mountain is difficult to locate, and (B) the nature of the 
relationship between the Las Vegas shear zone and the Lake tvlead 
fault system is not clear. These problems are addressed below. 
2. Slgntrlcance or Regional Structural Features 
The Saddle Island Detachment Fault 
The Saddle Island detachment is exposed within the north-striking 
horst at Saddle Island, southeast of Frenchman Mountain. The upper 
plate of the Saddle Island detachment contains rocks that range from 
Precambrian basement to Paleozoic and Tertiary sediments and 
Intrusives (Sewall, 1988). The lower plate exposes Precambrian 
amphibolite and gniess that exhiblts penetrative mylonitic fabric that 
indicates top to the west displacement muebendorier et al .. 1988). 
The Saddle Island exposure contains all the characteristic elements 
of a metamorphic core complex, including lower plate mylonites, a 
detachment marked by chlorite schist and a microbreccia zone, and a 
brittlely deformed upper plate. Displacement associated with an 
evolving, crustal scale shear can explain the structural and 
1 ithological relationships at Saddle Island (Smith, 1982; Sewall, 
I 988; Duebendorfer eta!., I 988). 
The Arch Mountain Detachment Fault 
The Arch Mountain detachment lies approximately 25 km east of 
Saddle Island and It may represent the eastward extension of the 
Saddle Island detachment. Mylonites, however, are not present In the 
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lower plate of the Arch Mountam detachment; Instead the lower plate 
is intensely brecciated and brittlely deformed by numerous low-angle 
faults that display top-to-the-west offset. The transition from 
ductlle mylonites in the lower plate of the Saddle ISland detachment 
to brittle deformation in the lower plate of the Arch Mountain 
detachment likely Indicates that the detachment system shallows to 
the east This geometry suggests that the breakaway zone lies to the 
east of Arch Mountain, possibly along the Grand Wash Cliffs. The Arch 
Mountain detachment constrains the geometry of a reg1onal 
detachment structure that extends from the Grand Wash Cliffs or 
South Virgin Mountams area to at least as far west as Saddle Island 
West of Saddle Island the detachment might extend beneath the Spring 
Mountains. 
The Las Vegas Valley shear zone 
The relationship, between the northwest-trending Las Vegas 
Valley shear zone and the northeast-trending Lake Mead fault system 
has never been fully understood. This is because the Las Vegas Valley 
shear zone is difficult to trace southeast of the Frenchman l"lountain 
block in the area of the Lake Mead fault system, although the Las 
Vegas Valley shear zone must project eastward from Frenchman 
Mountain and pass south of the Muddy Mountains (Anderson, 1 973). 
Bohannon ( 1 984) indicated two possible exposures of the Las Vegas 
Valley shear zone to the south of Frenchman Mountain, one to the 
north of the Gale Hills and one to the south. 
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To the southeast or the Gale Hills, Longwell et al. ( 1965) and Joan 
Fryxell (personnal communication, 1988) suggested right-iateral 
sense offset along the Gold Butte fault. Perhaps the Las Vegas Valley 
shear zone projects southeast of Frenchman f'lountain, adjacent to the 
Gale Hills, and intersects the Colorado Plateau along <or south on the 
Gold Butte fault. If this is correct, then north of the Gold Butte fault 
the Grand wash fault forms the north-striking breakaway zone (the 
Beaver Dam breakaway of Wernicke et al., 1984) for the northern 
detached terrain, and south of the Gold Butte fault the Grand Wash 
fault is the south-striking breakaway (the Grand Wash breakaway of 
Wernicke et al., 1984) for the southern detached terrain. Thus, the 
Gold Butte fault (southeast extension of the Las Vegas Valley shear 
zone ?l may act as a transfer fault between the northern and southern 
extended terranes. 
Anderson ( 1973) stated that if the Las Veaas Val lev shear zone 
. ' 
does extend southeast of Frenchman Mountain for any considerable 
distance then it is either concealed beneath Tertiary volcanic and 
sedimentary rocks or is offset by displacements on the Lake 11ead 
fault system. He concluded, however, that neither Interpretation ts 
tenable because "the CTerttaryl volcanic and sedimentary rocks are 
Intricately and intensely Involved in the strike-slip displacements on 
the (Lake Mead fault systeml." He also concluded that If the Las 
Vegas Valley shear zone is displaced by the Lake Mead fault system it 
must pass through Boulder Canyon, but "remarkable structural 
continuity from south to north across the (canyon) precludes (the 
presence of the Las Vegas Valley shear zone)." 
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My mapping at Arch Mountain agrees with Anderson's < 1973) 
interpretation that the Las Vegas Valley shear zone does not disrupt 
structural continuity north and south of Boulder Canyon, and it 
confirms that the shear zone does not cut the Black Mountains Block 
south of Boulder Canyon. I cannot, however, discount the oossibi llty 
that the fault did at one time pass south of Boulder Canyon, in the 
upper plate of the Arch Mountain detachment or in a structurally 
higher detachment. 
If the Las Vegas shear zone acted as a transfer fault in the upper 
plate or the Arch Mountain detachment, then the trace of the shear 
zone might be difficult to recognize. Mostly Precambrian foliated 
rocks are exposed in the klippe at Arch Mountain, and these rocks are 
fairly hOmogeneous so offset would not be obvious; however no 
evidence of east-west-trending zone of brecciation or lineaments 
was observed in the Arch Mountain klippe that might be interpreted as 
remnents of the shear zone. The Precambrian rocks in the upper plate 
of the Arch Mountain detachment are only about 200m thick at 
present. Erosion may have long ago removed all traces of the shear 
zone if the shear zone was confined In the upper plate of a 
detachment fault that cut Precambrian rock structurally higher than 
the rocks exposed in the klippe at Arch Mountain. 
Placing the Las Vegas Valley shear zone In the upper plate or the 
Arch Mountain detachment Intrinsically implies that the shear zone 
formed before the uplift of the Arch Mountain horst and the Black 
Mountains block, and Anderson< 1973) concluded that the uplift of the 
Black Mountains block occurred synchronously with displacement on 
the Hamblin Bay fault between 12 and 10.61"la. 
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This "synchronous Interplay or vertical and hOrizontal tectonics at 
the northern boundary or the Black Mountains" is an excellent 
additional example of the "close genetic tie between late Cenozoic 
normal and strike-slip faulting" (Anderson, I 973), but it also 
suggests at least two stages of structural development: an early 
stage involving detachment faulting and the development of the Las 
Vegas Valley shear zone In the upper plate of the Arch Mountain, 
detachment and a later stage involving the cogenetic up! ift or the 
BlacR Mountains block and the development of the Lake Mead fault 
system. The Las Vegas Valley shear zone is difficult to locate south 
of Frenchman Mountain, possibly, because it is covered by Tertiary 
volcanics and is overprinted by younger offset along the Lake Mead 
fault system which developed synchronously with normal faulting and 
horst and graben formation south of Lake Mead. 
Lake Mead Fault System 
The Lake Mead fault system is exposed to the north of Arch 
Mountain <see Figure 1 9) where the Hamblin Bay fault system 
truncates the Black Mountain and Detrltal Valley (Virgin basin) 
structural blocks <Anderson, 1973; Naumann, 1987). Approximately 
20 km of left-lateral offset along the fault system separated the 
Hamblin-Cleopatra volcano between 12.7 and II. I m.y. ago 
<Anderson, 1973). Anderson (1973) outlined a model explaining the 
relationship between the Hamblin Bay fault and the high-angle normal 
faults to the south <see Figure 24). Naumann ( 1987, Figure 3) showed 
hOw the uplifting of the Black Mountains block and the down-dropping 
of the Detrital Valley block along the Boulder Wash and Hamblin Bay 
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faults produced left-lateral dip-slip offset. Combining the 
geometries shOwn by Anderson ( 1973) with that shown by Naumann 
( 1987) and Smith et al. ( 1987a) leads me to the conclusion that the 
Hamblin-Cleopatra volcano may have been distended as the Northern 
Black Mountains upl lfted concurrently with the down-dropping of the 
Boulder basin and the VIrgin basin (Detrital Valley Block). Thus, the 
high-angle normal faults that cut the Black Mountains may be part of 
a coordinated system or faults Intimately related to the Lake Mead 
fault system (Figure 28). This Interpretation is rudimentary and 
needs development. If rurther research confirms this Interpretation, 
however, It may Imply that much of the movement on the Hamblin Bay 
and related oblique-slip faults Is transformed from large-scale, high-
angle normal faults south of the Hamblin Bay fault; namely, the 
Boulder Wash, Ransome, Emery, Indian Canyon, Fortification Hill, and 
Mead Slope faults (Longwell, 1963, Anderson, 1973). Isostatic 
rebound Is a mechanism that may explain this type or orrset suc11 that 
after most or the Paleozoic, Mesozoic, and Tertiary volcanic cover 
was removed from the region south of Lake Mead, high-angle normal 
faulting became the primary active process accommodating crustal 
deformation south or the Lake Mead fault system and that the strike-
sllp/obllque-slip faulting Is a passive response to crustal extension 
related to large-magnitude vertical upllrt of the Black Mountains 
structural block. 
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Boulder basin and the VIrgin basin (Detrital Valley Block). Thus, the 
high-angle normal faults that cut the Black Mountains may be part of 
a coordinated system of faults Intimately related to the Lake Mead 
fault system (Figure 28). This Interpretation Is rudimentary and 
needs development. 1 r further research confirms this Interpretation, 
however, It may Imply that much or the movement on the Hamblin Bay 
and related oblique-slip faults Is transformed from large-scale, high-
angle normal faults south of the Hamblin Bay fault; namely, the 
Boulder Wash, Ransome, Emery, Indian Canyon, Fortification Hill, and 
Mead Slope faults (Longwell, 1963, Anderson, 1973). Isostatic 
rebound Is a mechanism that may explain this type or orrset such that 
after most or the Paleozoic, Mesozoic, and Tertiary volcanic cover 
was removed from the region south of Lake Mead, high-angle normal 
raultlng became the primary active process accommodating crustal 
deformation south of the Lake Mead fault system and that the strike-
slip/oblique-slip faulting Is a passive response to crustal extension 
related to large-magnitude vertical uplift of the Black Mountains 
structural block. 
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F1gure 28. AJ Simplified block diagram showmg how the '31mstral 
offset of the Hamblin-Cleopatra volcano may be the result of major 
high-angle normal fault formation south of the Hamblin Bay fault 
<modlfied from Anderson, 1973). Bl The Hamblin-Cleopatra volcano 
may have been distended as the Northern Black Mountams uplifted 
concurrently with the down-dropping of the Boulder basin and the 
Detrital Valley Block (modified from Anderson. 1973. and Smith et 
al., 1987a). Thus the sinistral offset of the Hamblin-Cleopatra 
volcano may be the result of 1mportant vert1ca1 offsets adjacent the 
Hamblin Bay fault 
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This Interpretation is in concurrence with Anderson's ( 1973) 
conclusion that the area south of the Hamblin Bay fault provides 
critical data to assess the relationship between large-scaie normal 
and strike-slip faulting, but It contradicts the conclusions of Ron et 
al., < 1986) that strike-slip faulting is the primary process 
accommodating crustal deformation along the Lake Mead fault system. 
I suggest that Ron et al., ( 1986) erroneously concluded that strike-
sliP faulting Is the primary process accomodatlng crustal 
deformation along the Lake Mead fault system, because in their 
localized study of faults in the Hamblin-Cleopatra volcano area they 
neglected to consider the effects of the large-scale, north-striking, 
high-angle normal faults south of the Hamblin Bay fault. They based 
their conclusion, In part on< 1) the assumption that block rotation 
about a vertical axis should accompany normal faulting, based on a 
tilted fault block model and (2) paleomagnetic data indicate that the 
faulted rocks in the area have not been significantly affected by 
structural tilt; therefore, they concluded that normal faulting is 
secondary in importance to strike-slip faulting. The geometry of the 
high-angle normal faults at Arch Mountain indicates that a horst and 
graben model is more appropriate than the tilted fault block model. 
Guth and Smith ( 1987) indicated that Ron et al. ( 1986) also ignored 
the implications of regional detachment faulting. 
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WORKING HYPOTHESIS 
IntroductIon 
In this section I will incorporate the diverse lines of evidence 
discussed earlier and present a conceptual model that can be tested 
by future research. 
Conceptual Model of Regional Development 
The region south or Lake Mead was apparently bowed Into a north-
trending arch during late Cretaceous to early Tertiary time. During 
the early to mid-Tertiary, the Precambrian and Phanerozoic rocks 
south of the Las Vegas Valley shear zone broke away from the 
Colorado Plateau, perhaps along the Grand Wash fault, and rode to the 
west in the upper plate of the Arch Mountain detachment faui tor in a 
structurally higher detachment. Detachment faulting in the region 
south of the Las Vegas Valley shear zone was severe, thus 
Precambrian basement was denuded and exposed to erosion before the 
deposition of the Patsy Mine volcanics were deposited about 20 to 18 
Ma (Anderson et al., 1972). Westward displacement of the upper plate 
rocks above a regional detachment fault system is indicated by 
mylonites in the lower plate of the Saddle Island core complex 
Wuebendorfer et al., 1 988J. Westward displacement of the upper 
plate rocks south of the Las Vegas Valley shear zone is further 
Indicated by: ( 1 J thrust faults (the Keystone thrust complex) In the 
Spring l"lountain block that are offset from correlative thrust faults 
(Muddy Mountain thrust complex) in the Muddy Mountains; (2) right-
lateral-sense drag folds in the ranges north of the Las Vegas Valley 
shear zone, and C3l apparent drag folding of the Sunrise Mountain part 
7~ 
of the Frenchman Mountain block south of and adjacent to the Las 
Vegas Valley shear zone. 
The Spring Mountain block is interpreted as a large block that 
remained "stable" Ccoherentl as It rode passively to the west 
approximately 65 km, above the detachment zone (Wernicke et al., 
1984). The Frenchman Mountain block did not remain coherent. rather 
It broke Into a series of eastward tilted strike ridges as It moved 
westward above a regional detachment fault system. Portions of the 
detachment system may be exposed at Saddle Island and at Arch 
Mountain CFigure 29). The megabreccia blocks of Precambrian 
rapaklvi granite and gneiss that are now exposed in the Horse Spring 
formation east of Frenchman Mountain were likely calved, perhaps 
seismically, from a structurally exposed headwall in the South VIrgin 
Mountains and were deposited into a proximal episutural basin 
CParolini, I 986) before large magnitude tectonic transport of the 
Frenchman Mountain block. Continuous westward transport, 
synchronous basinal sedimentation, and eastward tectonic rotation 
produced greater dip angles In older members of the Horse Spring 
Formation and lesser dips in younger sediments. 
The Paleozoic strata at Sheep Mountain are lithologically simllar 
to the Frenchman Mountain section; therefore, before detachment 
faulting they also occupied a paleogeographic position east or the 
Sevier thrust be 1 t, near the edge or the Co I ora do Plate au. It is 
apparent that the Black Mountains, including Arch Mountain, are part 
or the exposed basement that once existed beneath those blocks. 
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Figure 29. Conceptual model for structural development of Lake Mead 
area <modifled from Spencer, 1984). A) inception of master 
detachment and listric normal faults In the upper plate, mylonitic 
fabrics <wavy pattern) develop within the brittle <Bl- ductile (0) 
transition approximately 1 o km beneath the crust. 8) East-west 
extension results in stable and tilted blocks. Tectonic denudation of 
upper plate results in antiformal warp In lower plate. C) Continued 
tectonic denudation has resulted in uplift and Initial exposure of 
lower plate to erosion. 0) Present structural geometry Includes 
high-angle normal faults. CP .. Colorado Plateau; GWT = Grandwash 
Trough; VM = Virgin Mountains; VB = Virgin Basin; AM= Arch Mountain; 
WR =Wilson Ridge; BB =Boulder Basin; Sl =Saddle Island; FM= 
Frenchman Mountain; VV = Vegas Valley; SM =Spring Mountains. 
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I sugg€st that this evidence supports the interpretation that a 
large percentage of the Phanerozoic strata deposited in the Arch 
Mountain area, and in the area to the south of the Las Vegas Valley 
shear zone, was structurally denuded and that the structural 
denudation accounts for much of the missing Paleozoic-riesozoic 
strata south of the Lake Mead area. 
Extension North of Lake Mead 
Extension north of the Las Vegas Valley shear zone did not expose 
lower plate basement terrain. North of the Las Vegas Valley shear 
zone, an upper plate of Paleozoic and Mesozoic rocks, and probably the 
Precambrian basement, broke away from the Colorado Plateau along 
the Grand Wash Cliffs, in the upper plate of a detachment fault 
system (Guth, 1981; Wernicke et al., 1984; Axen, 1987, Smith et al., 
1987a) that is possibly correlative with the Arch rlountain-Saddle 
Island detachment fault system, or the structurally higher 
detachment system discussed above. This interpretation seems 
plausible because the minimum areal extent of the basal fault 
associated with crustal scale extensional shear zones is typically 
measured in thousands of square kllometers (Wernicke, 1961 l. 
The upper plate rocks north of the Las Vegas Valley shear zone 
were disrupted by a series of en echelon, west-dipping, listric normal 
faults that created a series of tllted domino-style fault blocks 
(Figure 30) including, from east to west, the Beaver and the Mormon 
Mountains, the Arrow Canyon, Las Vegas, Sheep, East Desert, 
Pintwater, and Spotted Ranges (Longwell, 1945; Guth, 1981, 1984, 
1987; Wernicke et al., 1984). 
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Figure 30. Sc11emat1c model for development of tM extens10nal 
terrane north of the Las Vegas Valley shear zone, m the Sheep and 
Desert Ranges. Heavy black horizontal line at base of ranges 
represents the Sheep Range detachment (from Guth, 1 981 ). 
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The transport of these blocks adjacent to the Las Vegas Valley 
shear zone is indicated by the right-laterai-sense dragging of the 
ranges (Longwell, I 974). The transfer fault nature of the Las Vegas 
Valley shear zone Is Indicated by markers that are differentially 
displaced to the east and west of the shear zone axis (Wernicke et al., 
I 982). Episutural basins formed in the topographic lows between 
some fault blocks; the basins filled with sediments temporaily 
equivalent to the Horse Spring Formation CDelbert, 1988l. Exposures 
of detachment faults in the Mormon and East 1"1ormon Mountains, Tule 
Springs Hills and Beaver Dam Mountains indicate approximately 60 km 
of WSW directed extension (Axen, 1987l. West of the spotted Range, 
the detachment zone projects westward beneath the Nevada Test site 
(Guth, 1984). Active fault scarps in the northern detached terrain 
Indicate detachment faulting may still be active In that region 
(Wernicke et al, 1984). 
SUMMARY 
Arch mountain is a north-trending horst bounded on the west by 
the Petroglyph Wash graben and on the east by the Virgin Basin. The 
Arch Mountain detachment fault is exposed for 6 km along strike just 
below the ridge crest of Arch Mountain and it Is typified by a 2 to 20-
cm thick zone of hematite-Impregnated breccia and cataclaslte. The 
detachment rault places an allochthon or Precambrian gneiss, 
Paleozoic quartzite, shale and dolomite, Tertiary intrusive rock, and 
sedimentary rock on a lower plate composed of quartz monzonite that 
is chemically correlative to the quartz monzonite of the Wilson Ridge 
pluton. 
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The western margm of the horst 1s cut by en echelon, west-
dipping, hlgh-angle normal faults that step the detachment fault to 
the west and rotate it to the east The Ransome (normal) fault forms 
the western boundary of the horst and separates Arch Mountam from 
Precambrian gneiss and Tert1ary volcanics. The eastern margin oi the 
horst is cut by en echelon, east-dippmg, high-angle normal faults that 
step the detachment fault to the east and rotate 1t to the west. The 
Boulder wash (normal) fault forms the eastern boundary Of Ihe hOrst 
and separates Arch l"lountain from Tertiary Muddy Creek sediments m 
the Virgin Basin-Detrital Wash area. 
The Ransome and Boulder Wash faults are genetically related to 
and were formed synchronously with the left-lateral Lake Mead fault 
system at approximately 12 Ma. The Arch Mountam detachment fault 
is cut by the high-angle normal faults; therefore, the Arch Mountain 
detachment fault is older than the Lake Mead rault system. The Arch 
Mountain detachment fault is possibly related to the development of 
the Las Vegas Valley shear zone, and it is interpreted to be 
correlative with the Saddle Island detachment fault. 
1 propose that the Arch mountain detachment fault represents the 
brittlely deformed, upper-crustal part of a reg10nal detachment fault 
system that has a breakaway zone adjacent to the Grand wash CI1Hs. 
The detachment fault and lower plate mylonites at Saddle Island are 
interpreted as the plastically deformed, deep level-part of the 
regional detachment fault system that became exposed by progressive 
structural denudation, isostatic uplift, and erosion. 
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The fault history of the regional detachment system Is 
complicated and poorly constrained, but the following scenario Is 
suggested: 
1. Regional uplift and arch rormatlon south of Lake Mead during the 
late-Cretaceous to early Tertiary 
2. Early to mid -Tertiary pluton emplacement, detachment faulting, 
development of the Las Vegas Valley shear zone and westward 
transport of the Paleozoic and Mesozoic rocks represented at 
Petroglyph Wash, Boulder Canyon. and the Frenchman l'iountain. Sheep 
Mountain, and Spring Mountains structural blocks 
3. Continued detachment faulting and westward transport of the 
River Mountains volcanics 
4. The development of the Lake Mead fault system synchronous with 
the development of the high-angle normal Faults that bound the Black 
Mountains block. 
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FUTURE WORK 
The following research is suggested for further studies of the 
Arch f"'lountian area: 
I. Detailed mapping and petrographic analysis of the Precambrian 
gneiss in the upoer plate of the Arch f"iountain detachment and the 
Cohenour Mine area will help to constrain the structural history of 
the area 
2. Detailed petrography, geochemistry, and age dating or the Wilson 
Ridge plutonic assemblage will help to constrain the evoiution of the 
Wilson Ridge pluton and the age of detachment faulting 
3. Detailed petrography, geochemistry, and age dating of the 
undifferentiated volcanics of the James Bay area plutonic assemblage 
will help to constrain the volcanic history of the area 
4. Sedimentological study of the Wishing Well Cove breccia to 
determine the environment of deposition and mode of emplacement 
may provide important evidence for the erosional history of the 
Petroglyph graben 
5. Detailed mapping and sedimentological study of the !"Iuddy creek 
Formation exposed along the east flank of the Arch Mountain hOrst 
will help to constrain the erosional history of the east flank of Arch 
Mountain and the nature or Muddy creek age sediments in the VIrgin 
basin area 
83 
• 
REFERENCES CITED 
Anderson, R. E., 1971, Thin skin distension in Tertiary roc~:s of 
southeastern Nevada: Geo1og1cal Society of America 
Bulletin, v. 82, p. 42-58. 
___ , 1973, Large magnitude late Tertiary strike-
slip faulting north of Lake Mead, Nevada: U.S. Geological 
Survey Professional Paper 794, 18 p. 
Anderson R. E., Longwe 11, c. R., Armstrong, R. L., and Marvin, 
R. F., 1972, Significance of K-Ar ages of Tertiary rocks 
from the Lake Mead region, Nevada-Arizona: Geological 
Society of America Bulletin, v. 83, p. 273-288. 
Ange ller, J., Colleta, B. and Anderson, R E., 1985, Neogene 
paleostress changes in the Basin and Range: A case 
study at Hoover Dam. Arizona-Nevada. Geological 
Society of America Bulletin, v. 96, p. 347-361. 
Ax en, G. J., 1987, Magnitude and style of Miocene upper-crustal 
extension In the Southern Nevada area [abstr.]: 
Geological Society of America Abstracts with 
Programs, v. 19, p 576. 
Bohannon, R. G., 1979, Strike-slip faults of the Lake Mead region 
84 
of southern Nevada, in Pacific Coast Paleogeography Symposium 3, 
Armentrout J. M., et al., eds., Cenozoic Paleogeography of the 
Western United States, Pacific Section, Society of Economic 
Paleontologists and Mineralogists, p. 129-139. 
___ , 1984, Nonmarine sedimentary rocks of Terttary 
age In the Lake Mead region, southeastern Nevada and 
northwestern Arizona: Geological Survey professional 
Paper 1259, 72 p. 
Choukroune, P. and Smith, E. 1., 1985, Detachment faulting and 
its relationship to older structural events on Saddle 
Island, River Mountains, Clark County, Nevada: Geology, 
v. 13, p, 421-424. . 
Davis, G. H., 1983, Shear-zone model for the origin of metamorphic 
core complexes: Geology, v. 11, p. 342-347. 
Diebert, J. E., 1988, Depositional evolution of a Miocene 
extenswnal basin, southern Las Vegas Range, Nevada 
[abstr.]: Geological Society of America Abstracts 'Nith 
Programs, v. 20, no. 3p 154. 
Duebendorfer, E. M., Sewall, A J., and Smith, E. 1., 1988, Kinematic 
interpretation of lower-plate mylonites, Saddle Island 
detachment complex, Lake Mead, Nevada [abstr.J. 
Geological Society of America Abstracts with 
Programs, v. 20, no. 3, p. 157. 
Eschner, E., and Smith, E. 1., 1988, Geometry of mJd-Tertiary norma 1 
faults in the Arch Mountain area of the Northern Black 
Mountains, Mohave County, Northwest Arizona [abstr.]: 
Geological Society or America Abstracts with 
Programs, v. 20, no. 3, p.159. 
Feuerbach, D. L, 1986, Geology of the Wilson Ridge p Iuton: 
A mid-Miocene quartz monzonite Intrusion In the 
northern Black Mountains, Mohave County, Arizona and 
Clark County, Nevada, [M.S. thesis]: Las Vegas, Univeristy 
of Nevada, 79 p. 
Frost, E. G., and Martin, D. L., eds., I 982, Mesozoic-Cenozoic tectonic 
evolution of the Colorado River region California, Amona, and 
Nevada (Anderson-Hamilton Volume): San Diego, California, 
Cordilleran Publishers, 608 p. 
Gibbs, A D., 1984, Structural evolution of extenswnal basm 
niargins: Geological Society of London Journal, v. 141, 
p, 609-620. 
Guth, P. L., 1981, Tertiary extension north of the Las vegas 
Valley shear zone, Sheep and Desert ranges, Clark 
County, Nevada: Geological Society of America Bulletin, 
v. 92, p, 763-771. 
---· 1984, Sheep Range detachment, southern Nevada 
[abstr ]: Geological Society of America Abstracts with 
Programs, v. 16, p. 526. 
---,1987, Desert Wildlife Range transect: Las Vegas 
to Nevada Test Site, Southern Nevada [abstr.l: Geological 
Society of America Abstracts with Programs, v. 19, 
p. 688. 
---·and Smith, E. 1., 1987, Comment and reply on 
"Strike-slip faulting and block rotation in the Lake Mead 
fault system": Geology, v. 15, p. 579-580. 
Lister, G. S., Etheridge, and M. A, Symonds, P A, 1986, Detachment 
faulting and the evolut10n of passive continental 
margins Geology, v. 14, p 246-250. 
Longwell, C. R., 1936, Geology or the Boulder Reservoir floor, 
Arizona-Nevada: Bulletin of the Geological Society of 
America, v. 47, p. 1393-1476. 
___ , 1945, Low-angle normal faults in the Basin and 
Range Province: American Geophysical Unwn 
Transact 10ns, , v 26, p I 07-118. 
___ , 1963, Reconnaissance geology between Lake 
Mead and Davis Dam, Arizona and Nevada: U.S. Geological 
Survey Professional Paper 374-E, 51 p. 
___ , 1971, Measure of lateral movement on Las 
Vegas shear zone, Nevada: Geological Society of 
Amer1ca Abstracts with Programs, v. 3, p. 152. 
___ , 1974, Measure and date of movement on Las 
Vegas Valley shear zone, Clark County, Nevada: 
Geological Society of America Bulletin, v. 85, p. 985-
990. 
___ , Pampeyan, E. H., Bowyer, B., and Roberts, R. J., 
1965, Geology and mineral deposits of Clark County, 
Nevada: Nevada Bureau of f"1ines and Geology Bulletin 62, 
218 p. 
86 
Lucchltta, Iva. 1966, Cenozoic geology or the upper Lake Mead 
area adjacent to the Grand Wash Cliffs, Arizona 
[Ph.D. dissertation]: University Park, Pennsylvania State 
University, 218 p. 
Mills, J., 1985, The geology and geochemistry of volcanic and 
plutonic rocks in the Hoover Dam 7.5 minute quadrangle, 
Clark County, Nevada and Mohave County, Arizona 
[M.S. thesis]: Las Vegas, University of Nevada, 119 p. 
Myers, I. A, 1984, Geology and mineralization at the Cyc1opic 
Mine, Mohave County, Arizona [M.S. thesis]: Las Vegas, 
UnlVersity of Nevada, 64 p. 
Naumann, l R, 1987, Geology of the central Boulder Canyon 
quadrangle, Clark County, Nevada [MS theslsl: Las 
Vegas, University of Nevada, 68 p. 
___ ,and Smith 1987, Evidence for magma mixing in mid-
Tertiary volcanic rocks: Lake Mead region, southern 
Nevada [abstr ]: Geological Society of America 
Abstracts with Programs, v. 19, p. 435-436. 
Parolinl, J. R, 1986, Debris flows within a Miocene alluvial 
fan, Lake Mead region, Clark County, Nevada 
[M.S. thesis]: Las Vegas, University of Nevada, 120 p. 
___ ,and Rowland, s. R., 1988, Proximal Miocene debm 
flows in the Frenchman Mountain structural block: 
implications for extension in the Lake Mead region 
[abstr.]: Geological Society of America Abstracts with 
Programs, v. 20, p. 220. 
Ransome. F. L., 1923, Geology of the Boulder Canyon and 
Black Canyon dam sites and reservoir sites 
on the Colorado River: u.s. Geological 
Survey Report, 136 p. 
Reynolds, S. J., 1985, Geology of the South Mountains, Central 
Arizona: Arizona Bureau of Geology and Mineral 
Technology, Bulletin 195, 61 p. 
137 
Ron, H., Aydin, A, and Nur, A, 1986, Strike-slip fault ina and block 
rotation in tile Lake Mead fault system: Geology: v. 14, 
p I 020-1 023. 
Rowland, S.M., Parolini, J. R., Eschner, E., McAllister, A J., and 
Rice, J. A, (in press), Sedimentological and stratigraphic 
constraintsof the Frenchman Mountain structural block, 
Clark County, Nevada: Geolog1cal Soc1ety of America, 
Special Paper. 
Salyards S. L.,and Shoemaker, E. M., 1987, Lands! ide and debris-flow 
deposits in the Thumb Member of the Miocene Horse Spring 
Formation on the east side of Frenchman Mountain, Nevada: 
a measure of basin-range extension, in Hill, M., ed., Geological 
Society of America Centennial Field Guide v. I, p 49-5 I. 
Schmitt, J. G. and Rice J. A, 1988, Sedimentology and 
provenance of Miocene Horse Spring Formation 
conglomerates: Implications for estimates of motion 
along the Lake Mead fault system, Nevada [abstr.l: 
Geological Society of America Abstracts wlth 
Programs, v. 20, p. 220. 
Scholle, P. A, 1978, A color illustrated gu1de to carbonate 
rock constituents, textures, cements, and porosities: 
American Association of Petroleum Geologists, Memoir 27, 
p. vii 
Sew a 11, A J., 1988, Structure and geochemistry of the upper 
plate of the Saddle Island detachment, Lake Mead 
Nevada [M.S thesis] Las Vegas, Universlty of Nevada, 
84 p 
---·and Smith. E. I., 1986, The Saddle Island 
detachment fault, Lake Mead, Nevada: upper plate 
geology and regional significance [abstr.l: Geological 
Society of America Abstracts with Programs, v.18, 
p, 182. 
___ ,and Smith, E. 1., 1988, Regional correlation and significance 
of a Tertiary fanglomerate in the upper plate or the Saddle 
Island detachment, Lake Mead, Nevada [abstr.]: Geological Society 
of America Abstracts with Programs, v. 20, p. 230. 
88 
Smith, E. 1., 1982. Geology and geochemistry or the volcanic 
rocks in the River 11ountains, Clark Countv. Nevada, and 
comparisons with the volcanic rocks in nearby areas, 
in Frost, E.G, and Martin, D. L., eds, Mesozo1c-cenozo1c 
tectonic evolution of the Colorado River region, 
California, Arizona, and Nevada: San Diego, California, 
Cordilleran PubliShing, p. 41-S4. 
---· Eschner, E., Feuerbach, D. L., Naumann, T. R., and 
Sewall, A J., 1987a Mid-Tertiary extension in the 
eastern Basin and Range Province, Nevada and Arizona: 
The Las Vegas Va II ey-Detri ta I Wash transect [abstr.]: 
Geological Society of America Abstracts with 
Programs, v. 19, p. 848-849. 
___ , Anderson, R. E., Bohannon, R. G., and Axen, G. J, 
1987b, Miocene extension, volcanism, and sedimentaion 
in the eastern Basin and Range Province, southern 
Nevada, in Davis, G. H., and VanderDolder, E. M., eds, 
Geological diversity of Ar1zona and its margins: 
Excursions to choice areas: Arizona Bureau of Geology 
and Mineral Technology Special PaperS, p. 383-397. 
Spencer, J. E., 1984, Role of tectonic denudation 1n warpmg ana 
upllft of low-angle normal faults: Geology, v. 12, p. 9S-
98. 
___ , 1985, Miocene low-angle normal faulting and 
dike emplacement, Homer Mountains and surrounding 
areas, southwestern California and southernmost 
Nevada: Geological Society of .A.menca Bulletin, v. 96, 
p I 1 40- I ISS. 
Thompson, K. G., 1985, Stratigraphy and petrology of the 
Hamblin-Cleopatra volcano, Clark County, Nevada 
[M.S. thesis]: Austin, University of Texas, 306 p. 
Timm, J. J., 1985, Age and significance of Paleozoic 
sedimentary rocks in the southern River Mountains, 
Clark County, Nevada (MS thesis]: Las vegas, Umvers1ty 
oF Nevada, 62 p. 
89 
Volborth, A, 1962, Rapak ivHype granites in the Precambrian 
complex of Gold Butte, Clark County, Nevada: Geological 
Society of America Bulletin, v. 73, p. 813-831. 
Weber M. E., and Hardy, J. K., 1986, Tertiary extension and lower 
Paleozoic facies distributions in the Lake Mead area, 
Clark County, Nevada: Journal of the Amona-Nevada 
Academy of Sc1ence, v. 21, p 53-54 
---·and Smith, E. 1., 1986, Upper plate adjustments in 
the Eldorado-Saddle Is land detachment structure, 
southern Nevada [abstr.]: Geological Society of Amer1ca 
Abstracts with Programs, v. 18, p. 196. 
____ ,and Smith, E. 1., 1987, Structural and geochemical 
constraints on the reassembly of disrupted mld-MJOcene 
stratovolcanoes in the Lake Mead-Eldorado Valley area 
of southern Nevada: Geology, v. 15 p. 553-556. 
Wernicke, B., 1981, Low-angle normal faults in the Basin and 
Range Province: Nappe tectonics in an extending orogen: 
Nature, v. 291, p. 645-648. 
---· 1985, Uniform-sense normal simple shear of the 
con t i nen tal lithosphere: Canad 1 an Journa I of Earth 
Science, v. 22, p. 108-125. 
___ ,and Axen, G. J., 1988, On the role of Isostasy tn 
the evolution of normal fault systems: Geology, v 16 
p. 848-851. 
___ , Guth, P. L., and Ax en, G. J, 1984, Lintz, J. P, ed., 
Western geological excursions (guidebook), v. 4, University of 
Nevada, Reno, Mackay School of Mines, Nevada, p. 473-510. 
___ , Spencer, J. E., Burch fie 1, B. C., and Guth, P. L., 1982 
Magnitude of crustal extension in the southern Great 
Basin: Geology, v. 10, p. 499-502. 
90 
Wilson, E.D., and Moore, R.T., 1959, Geologic map of Mohave 
County, Arizona: Arizona Bureau of Mines. University 
of Arizona, scale 1:375,000. 
Young, R. A., 1966, Cenozoic geology along the edge of the 
Colorado Plateau in northwestern Arizona [Ph. D. dissertation] 
Washington University, St. Louis, 167 p. 
---· 1970, Geomorphological implications of pre-
Colorado River and Colorado tributary drainage in the 
western Grand Canyon region: Plateau, v. 42, p. 107-117. 
---, 1982, Paleogeomorphic evidence for the 
structural history of the Colorado Plateau m-argin in 
western Amana In Frost, E. G., and Martm, D. L., eds., 
Mesozoic-Cenozoic tectomc evolution of the Colorado 
River region, California, Arizona, and Nevada: San Diego, 
California, Cordilleran Publishing, p. 29-39. 
Zilinsky, G. A., and Miller, R. H, 1984, Distribution and 
paleogeographic significance of the Mountain Springs 
Formation (Ordovician-Devon ian) southern Nevada 
[abstr.]: Geological Society of America Abstracts with 
Programs, v. 16, p. 705. 
91 
---- APPENDIX A ----
PETROGRAPHY 
92 
APPENDIX A 
Rock name: Quartz Monzonite 
Sample number: D/ 1/21 
Description: Coarse-grained mass of interlocking anhedral 
crystals; polkolltic plagioclase contains inclusions or quartz; 
feldspars commonly altered to sausserite; plagioclase is zoned; 
biotite occurs as slender laths. 
Modal Mineralogy: Quartz 25n (anhedral 0.8 rnm); plagioclase 45% 
(subhedral 0.3 mrnl; orthoclase 2010 (anhedral 0.9-1.2 rnrn); biotite 
8% Canl)edral 0.5 mml; opaque 2n. 
Rock name: Quartz monzonite 
Sample number: A/3/7 
Description: Coarse-grained mass of interlocking an11edra1 
crystals; poikolitic plagioclase contains inclusions of quartz, 
feldspars commonly altered to sausserite; plaqioclase is zoned. 
Modal Mineralogy: Quartz 35% <anhedral 0.5 mrnl; plaqioclase 35% 
<subhedral 0.4 rnrnl; orthoclase 15% (anhedral 0.9-1.2 rnml; biotite 
13% <anhedral 0.5 mrnl, opaque 2%. 
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Rock name: Quartz r1onzonite 
Sample number: D/ 1/7 
Description: Coarse-grained mass of interlocking anhedral 
crystals; polkolltic plagioclase contains Inclusions of quartz: 
feldspars commonly altered to sausserite; plagioclase is zoned. 
Modal Mineralogy: Quartz 25% (anhedral 0.5 mml: plagioclase 40% 
(subhedral 0.4 mml; orthoclase 25% (anhearal 0.9-1.2 mml; opaque 
3%; biotite 5%; trace sphene 2%. 
Rock name: Dacite 
Sample number J/1/22 
Description: Fine-grained porphyritic, euhedral to subhedral 
phenocrysts of quartz and anhedral xenocrysts or embaved quartz. 
zoned plagioclase, and orthoclase in a cryptocrystailine 
groundmass or quartz. 
Modal Mineralogy: Quartz 15% (euhedral to anlledral, 0.5 mrnl, 
plagioclase 15% (euhedral to subhedral, O.Smml; orthoclase 10% 
(subhedral to anhedral 0.4 rnml; opaque trace; ground mass 60%. 
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Rock name: Dacite 
Sample number: B/3122 
Description: Fine-grained porphyritic; euhedral to subhedral 
phenocrysts of quartz and xenocrysts of embayed quartz, 
zoned plagioclase, sanidine, with trace sphene, hornblende and 
opaques in a cryptocrystalline groundmass of quartz. 
Mod a I M inera 1 ogy: Quartz ~20% ( euhedra i to anhedra i, 0. 7 mm l: 
plagioclase 20% reuhedral to subhedral, 0.4 mml; sanidine I 0% 
(subhedral to anhedral 0.4 mml; sphene trace, hornblende trace, 
opaque trace; ground mass 50%. 
RocK name: Andesite porphyry 
Sample number: B/3/22 
Description: Fine-grained porphyritic, phenocrysts or subhedral 
zoned plagioclase laths, in a reddish-brown cryptocrystalline 
groundmass of altered felty plagioclase laths 
Modal t11neralogy: Plagioclase 20% (subhedral, 3-9 rnml; opaque 
3%; biotite 2%; groundmass 75%. 
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Rock name: Ollvtne Basalt 
Sample number: B/2/20 
Description: Fine-grained porphyritic, phenocrysts of olivine set 
in a matrix of pilotaxitic plagioclase. 
Modall"ltneralogy: Plagioclase groundmass 75%; olivine 25% 
(euhedral to subhedral 0.05-0.3 mml; opaque trace. 
Rock name: Lamprophyre 
Sample number: D/ 1 /21 
Description: Fine-grained porphyritic, pl1enocrysts of biotite set 
tn a pilotaxitic groundmass of plagioclase. 
Modal Mineralogy: Plagioclase groundmass 70%; biotite 207. 
Ceuhedral to subhedral, 1-5 mml; opaque 10%. 
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Rock name: Diorite porphyry 
Sample number: A/ 4/18 
Description: Very coarse-grained porphyritic; large blocky 
pheoncrysts of hornblende set in a ground mass or fine to medium 
grained plagioclase. 
Modal Mineralogy: Plagioclase 25% (subhedral to euhedrai, 0.5 
mml; hornblende 65% ( euhedral-subhedral, 0.3-10 mml; opaque 
5%; biotite 3%Tsubhedral, 0.5 mm); sphene 2% (euhedrai, 0.2 mml. 
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GEOCHEMISTRY 
Four gran1t1tic rock samples were collected from Arch Mountain 
for geochemical analys1s oi maJor elements for tne purpose of a 
preliminary comparison to similar analyses of samples collected by 
Feuerbach ( 1 986) and Mi lis ( 1 984) from the Wilson Ridge pluton and 
the Boulder City pluton 
The four grab samples that were collected m the field were 
handled w1th cotton gloves and were placed into airtight plastic bags 
to prevent contamination. The samples were transported to the lab 
and were broken with a rock nammer to remove weathered rock that 
could be a source of error for the geochemical analyses. The rreshly 
broken, nonweathered rock chips were ground to a powder 1n a clean 
diSk mill and were placed in clean, a1rt1ght, plastic bags rne 
samples were weighed, and 30 g of each sample was sent tn r:nemex 
Labs, Ltd, m Sparks, Nevada, tor maJor-element analysis 
The results of the anlayses are in Table 1. The normalized values 
for sodium, potassium, aluminum, iron, calcium, magneswm, and 
titamum were plotted agamst weight percent Silica on Harker 
variation diagrams (Figures 32-35). The data for Arcn Mountain are 
plotted as circles, the data for the Wilson Ridge are plotted as 
tmngles and the boxes represent the Boulder City pluton data. A 
visual inspection of the graphs shows that the samples from Arch 
Mountain plot closer to the Wilson Ridge pluton samples than to the 
Boulder Clty pluton samples; therefore, the Arcn Mountain samples 
are more cnemically similar to the Wilson r=nage samples aM Jess 
cnem1cally s1mllar to the Boulder City pluton samples Tms 
relat10nsn1p 1s part1cu1arly obv1ous 1n the grapn or t1tan1um (Figure 
99 
35), and It Is also evident in tt1e graphs of aluminum and Iron (Figure 
33) and of calcium and magnesium (Figure 32). All of the elements 
except sodium decrease in concentration with increasing silica. 
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TABLE 1. 
Sample: A 
Rock Type: Quartz 
Monzonite 
Si02 76.68 
A1203 12.73 
Fe203 1.91 
cao 0.23 
MgO 0.10 
Na20 6.90 
K20 1.32 
Ti02 0.06 
MNO 0.02 
P205 0.07 
LOI 0.10 
Total 100.15 
SAMPLE LOCATIONS 
A 
B 
c 
0 
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MAJOR-ELEMENT GEOCHEMISTRY 
B c 0 
Quartz Dac1te Quartz 
Monzonite Monzonite 
69.08 72.38 58.32 
13.70 13.29 18.06 
464 447 5.36 
1.73 0.70 3.98 
0.75 0.68 1.56 
3.82 7.07 4.94 
4.60 1.12 4.61 
0.28 0.23 0.66 
0.05 0.03 0.10 
0.15 0.13 0.31 
0.24 0.54 0.28 
99.21 100.75 99.3 
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Figure 31. Harker varlat I on diagrams of cao and MgO versus S 102. 
The Arch Mountain data are plotted as circles. The W1lson Ridge 
pluton data and Boulder City pluton data (from Feuerbach, 1986) are 
plotted as triangles and squares, respectively. 
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Figure 32. Harker variation diagrams of Fe203 and A1203 versus 5102. 
The Arch Mountain data are plotted as circles. The Wilson Ridge 
pluton data and Boulder City pluton data (from Feuerbach, 1986) are 
plotted as triangles and squares, respect1Vely. The Arch Mountain 
samples are more chemically similar to the Wilson Ridge samples and 
less chemically similar to tl'le Boulder City pluton samples. 
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Figure 33. Harker variation diagrams or Na:20 and K20 versus 5102. 
The Arch Mountain data are plotted as circles. The Wilson Ridge 
pluton data and Boulder City pluton data (from Feuerbach, 1986) are 
plotted as triangles and squares, respectively. The Arch Mountain 
samples are more chemically similar to the W11son Ridge samples and 
less chemically similar to tne Boulder City pluton samples. 
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Figure 34. Harker variation diagram or Tt02 versus Si02. The Arch 
Mountain data are plotted as c ire les. The Wilson Ridge p Iuton data 
and Boulder City pluton data (from Feuerbach, 1986) are plotted as 
triangles and squares, respectively. Note the similarity between the 
Arch Mountain and Wilson Ridge pluton data. 
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